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ABSTRACT

Wetland park design seeks to protect and restore
the wetland ecosystems of sites through scientific
approaches. However, in practice, the relevant
ecological principles about wetland restoration
are often not effectively understood or applied by
landscape designers, resulting in compromised
ecological benefits after the restoration, especially
in biodiversity and habitat benefits. The authors
highlighted the main causal factors in wetland—
flooding and fertility—and adopted wetland birds
as indicator species to simplify the evaluation
method. Based on years of practice, the authors
summarized a hydrology-based wetland design
method for habitat restoration, aiming to translate
ecological principles and research findings into
design guidelines that can be easily understood
and applied by landscape designers to spatial
design. This design method includes 7 steps,
namely 1] targeted species selection and goal
setting; 2) design of habitat types and spatial
arrangement; 3) landform design; 4) water level
design; 5) plant community building; é) landscape
design with minimal intervention; and 7) spatial
design for natural succession. The article then
expanded each step using an illustrative design
case, the Qinghua Wetland in Baoshan, Yunnan
Province.
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1 Introduction

The concept of Nature-Based Solutions (NBS) was first proposed
in 2002 and then referred in the Biodiversity, Climate Change
and Adaptation: Nature-based Solution from the World Bank
Portfolio 2008"!. Now having attracted worldwide attention,
NBS often leverage the methods of habitat restoration to restore
ecosystems and protect biodiversity'.

Upon years of wetland park design practices, the authors
believe that wetland parks are mainly designed to enhance
the sites’ biodiversity, as an ecosystem services, and summarize
the steps and techniques for wetland park design that aim to
(re-)introduce habitats to the site with hydrological restoration
approaches.

Quantitative references about the area of water body, water
depth, ratio between deep and shallow areas, proportions
of each plants in vegetation communities, etc. are needed
for landscape design. However, most ecological studies are
qualitative descriptions or statistical analyses that lack quantified
spatial measurements. To facilitate cross-disciplinary integration
and to maximize the ecological benefits of constructed / restored
wetlands, this article renders complicated ecological principles
and research findings into quantified measurements that can be
easily understood and applied by landscape designers.

2 Causal Factors of Wetland Habitats

In Wetland Ecology: Principles and Conservation, wetland
ecologist Paul Keddy expounded on the theories about wetland
design and defined wetland as “an ecosystem that arises when
inundation by water produces soils dominated by anaerobic
processes, which, in turn, forces the biota, particularly rooted
plants, to adapt to flooding”""". Water creates wetlands—
“there is a cause (inundation by water), a proximate effect
(reduction of oxygen levels in the soil), and a secondary effect
(the biota must tolerate both the direct effects of flooding and
the secondary effects of anaerobic conditions).”"”! According to
Keddy, the conditions of wetlands are subject to several causal
factors, including flooding (hydrology), fertility, disturbance,
competition, herbivory, and burial®. In 2017, he further re-
summarized these factors as flooding, fertility, disturbance,
competition, and others, among which flooding and fertility
are the most significant ones'”’. His theories are of remarkable
references for the sustainable restoration of wetlands.

Flooding can be further measured by duration, cycle or
pulse, and depth. Keddy found that varied flooding depths and
pulses would result in different compositions or forms of plant



TRAE Al 2 XA PRV (R A B A AR KB, R % B K HE IR A
IKERI, BN A TR AR M I, DUE R AR 72 Ao

NE T3 R R AR M b (S SR A, U OR AR
o AT RS A K R EEAR . —BORUL, EIRY T
%, LYK, AR R SR Tl - T - A - R
B N R IE A A A KRB LBk 14: 18 16:1 22 [0, X 5 RT/R
IHEE - C - WIHRTF T 19344 528 1 (Y Redfiel dE—2,  RIVFEIFEY A
Koxdfie . A BB T AT R H R 106:16:17

HAth 4510 Hb 5 ) PR 349 2 PR M 1R T R B B R A B A K
S, AR ZRTHE TR, TR, EE A EIEARTT,
[RS8 Ut T A S8 At ) P DA 90 B R —— 0 J32 o 1)
WEIRY . WESh Y 1 I S KBRS RO AR b S 16 5V
i R g i A PP —fedig Sy O TR R T TSk

3 DAWIEMmEE SN S i E S R g

ABRGBRE W RN RGE | BEEE, g
BB, AN SCE B R e LU S B 52 O S 9 BT BRI IR
HAES RGN EIEL, LIRSS 2 S LR AR

VA B A 52 o S 1] AR M L D7 e — T T A WU L A 9 AR
PEUEBLIT T 9%, HHEAS R R AR st i P L | A 2 B 25 it
B2 1Bk e SUMENIDRITE: R (-PINAECY/ I AP e LR HSTNEILLISE BN DO S N
B S EYRGRPBE, B2 ESREBER—EN K.
BB HARE g — iR R R A, ELRERE Ny
SE [ 3 P R AR B AR Bt I SR 8 A 5 3 AT 2 A
HERIX BN B SR, BE BRI AR, 55
o (HZ, WP RHEE R AR AR SR AR M, N TWiE S H bR
AT LA i f) D S0 BORER fR R SR B DA S IR FEZ BRI

092

communities—a 25-centimeter water depth change can lead to
a considerable disparity."* Beside flooding duration and depth,
wetland design needs to consider flood pulse to facilitate the
aerenchyma of plants in non-flood days.

Fertility refers to the nutrient contents in wetlands,
particularly the contents of nitrogen and phosphorus. The
availability of nitrogen is commonly adopted to assess how
suitable a wetland is for living creatures. Generally, the more
the nutrients, the larger the biomass and the smaller the
biodiversity will be'*’. Jos T. A. Verhoeven et al. found that
the ideal nitrogen-phosphorus atom ratio for plant growth is
between 14:1 and 16:1'°), consistent with the Redfield value
proposed by Alfred C. Redfield in 1934, i.e. the atom ratio of
carbon, nitrogen, and phosphorus for growth of phytoplankton
is 106:16:1711,

Other causal factors also exert measurable impact on
wetland habitats and should be taken careful consideration in
the design, post-management, and maintenance of wetlands'”.
Limited by length, this article will not go through the rest one by
one. Designers can suitably adopt existing research findings from
allied fields on, for example, the zonation along the shoreland",
the relationship between the density of benthic animals and the
water depth”"”! as well as the species densities of seed banks in

natural and restored wetlands*1P11%,

3 Wetland Ecosystem Design for Habitat Restoration

Ecosystem restoration often goes through three stages:
environmental restoration, restoration management, and
maintenance. This article focuses on introducing the design
methods to create the physicochemical conditions of wetland
ecosystems for habitat restoration, also laying a foundation for
follow-up environmental restoration.

The wetland design aiming to restore habitats can be
considered a modern evidence-based and biology-support design
approach. Appropriate biological indicators of wetlands are
selected based on the zonation pattern, ecological succession,
and ecological niche principles, which can indicate the
suitability of a habitat system, support a symbiotic restoration
of hydrology, vegetation, and biology, and eventually realize
the delivery of ecosystem services. Precisely, the goal of habitat
restoration is “to create a wetland dominated by specific plant
species to provide habitat for specific animal species.””* By
studying the site characteristics and inventorying the flora and
fauna of similar areas in the same region, landscape designers
can decide the species to be introduced, including the key ones.
However, most wetlands to be restored suffer from ecological
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deterioration, and the restoration goals can be identified by
referring to the site’s historical records or other healthy wetlands
nearby. It is hard to fully restore a natural or an exact habitat in
history in a short period; habitat restoration can be realized by
first creating an interim ecosystem composed of natural system
elements' and then allowing for natural successions towards a
“quasi-natural ecosystem.”

The success of ecological restoration can be assessed

with e.g. indicator species, indicator systems'""

, quantitative
ecological sequencing approach, and analogy methods'*.
Indicator species is the most widely adopted measurement to
ecological restoration, and the species should be chosen upon
the spatial scale of sites'"”. To smaller sites (e.g. ponds), plants
and invertebrates can be used as the indicators; to larger sites
(e.g. nature reserves), big creatures are more instructively
indicative; and to medium-scale sites, birds are often selected as
indicators for ecosystem restoration because they are sensitive to
environmental changes (in occurrence, density, and reproduction
rate, etc.), have diverse foraging with an appropriate nutrition
level, and can be easily recognized and monitored by their
twitter. Birds are used worldwide as indicator species to the
restoration of riverain, wetland, and inland habitats"".

At the design stage, it is neither necessary nor possible
to respond to every factor. A simplified design method is
needed. Taking water depth as the major consideration, as an
demonstration, the authors come up with 7 steps of wetland
design for habitat restorations, namely 1) targeted species
selection and goal setting; 2) design of habitat types and spatial
arrangement; 3) landform design; 4) water level design; 5)
plant community building; 6) landscape design with minimal
intervention; and 7) spatial design for natural succession. The
article will expand each step combining with an illustrative

design case, the Qinghua Wetland in Baoshan, Yunnan Province.

4 Illustrative Case: Ecological Restoration Design of the
Qinghua Wetland

Located in the Longyang District of Baoshan, Yunnan,
the Qinghuahai National Wetland Park is composed of the
Beimiaohu Reservoir, Donghe River, and Qinghuahai Wetland
(Fig. 1). The Qinghuahai Wetland consists of three wetlands,
namely Xihu Wetland (61 hm?*), Donghu Wetland (101 hm?),
and Qinghua Wetland (313 hm?) (Fig. 2), with the first two
having finished the restoration with landscaped measures. The
Qinghua Wetland used to be a lacustrine wetland and began
to shrink due to the agricultural reclamation since the 1950s.
It now is a low-lying farmland. This project aims to restore the
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lacustrine wetland ecosystem of the site. This article introduces
the development of the design proposal for habitat restoration.

4.1 Targeted Species Selection and Goal Setting

Studies on the avian communities in other lacustrine wetlands

in western Yunnan (e.g. the Jianhu Lake”!, Lashihai Lake!*!"*]
Lugu Lake”, and Erhai Lake""), as well as the Caohai Lake in
Guizhou'"”, signpost that, on the whole, Anatidae, Podicedidae,
and Rallidae birds are the dominant species in this region'"*""!,
The site investigation inventoried nearly 170 bird species, 55
of which are wetland birds. The dominant species include birds
of Podicedidae, Anatidea, and Ardeidae, and Fulica atra. This
is similar with the bird communities of other lake wetlands.
Also, large rare migratory birds such as Ciconia nigra and Grus
grus pass through the Baoshan Basin in spring and fall, and
the Qinghuahai National Wetland Park is expected to provide
quality habitats for them. The indicator species in this project
therefore need to include the swimming birds of Anatidae,
Podicedidae, and Rallidae, the wading bird species of Ardeidae,
and regional rare wetland bird species.

Finally, 6 targeted species are decided (Table 1): Tadorna
ferruginea, Anas platyrhynchos, Podiceps ruficollis, Fulica atra,
Egretta garzetta, and Grus grus. The designers carefully study

the habitats requirements of each bird*""** to inform the design
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with quantitative references.

By understanding the habitat preference of the indicator
species, reviewing the historical data of Qinghua Wetland, and
investigating the total water resources, water environment
conditions, terrain conditions, etc., the designers determine to
restore the wetland into a near-natural shallow macrophytic lake
wetland ecosystem, which consists of shallow water bodies with
diverse emergent and submerged plants, providing rich marshes
and mudflats.

4.2 Design of Habitat Types and Spatial Arrangement

To begin with, the main habitat types and associated causal
factors should be identified upon the targeted species, and
clearly defined or described with parameters. For instance, for
the habitats of waterfowls such as Tadorna ferruginea and Anas
platyrhynchos, the ideal water depth is about 1 meter, in forms
of uncovered mud banks, gravel banks, sand banks, grasslands,

and other open water areas'"’; Wading birds such as Egretta

garzetta prefer shallow marshes with a water depth less than

0.3 meter and often nestle in the forest swamps far from human

intervention”'*”! (Fig. 3).

The restored Qinghua Wetland will provide overwintering

habitats for many migratory waterfowls. Thus over 50% of the
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Table 1: Indicator species for the ecological restoration of Qinghua Wetland
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Water depth preference Vegetation preference Nesting preference
iEES FRARAS (3] iz 05~2m SHEREY, WXEMERFE ( Potamogeton lucens ) DU NE® il sk 3521 SN WEEEHKE
Anatidae Tadorna ferruginea Migrant Waterfowl ’ Sedges, e. g. Potamogeton lucens Sandbank or clay caves SH. BEAME
: CIES.INE 2 3
K08 = i TRERES, RBROEKEY K BRI E, WESEARM S pkmIEE
Anas platyrhynchos Migrant Waterfowl 05~1Tm Riverian areas covered with lush emergent plants Between vegetation near water bodies, in Offering
stumps, or in shrubs quantitative
references for
RE#EHE% | BME% IINBERS By Dia- EARAEY. SEEAKIEY KA, R MR A the design of
Regional ordinary Podicedidae Podiceps ruficollis Resident | Waterfowl 05~1Tm emergent vegetation, algae, and submerged plants Between emergent plants, submerged branches water depth, key
wetland bird or shrubs habitat types,
key vegetation
[ESEES BB = i KB FTKIEY HEKIEY). EARMS, RSN E types, etc.
Rallidae Fulica atra Migrant Waterfowl 02~1.0m Emergent and submerged plants Between emergent plants or shrubs, or on
stumps or branches
£ 8% Bs bE 01-045m 3 R E A M
Ardeidae Egretta garzetta Resident | Wading bird ’ ’ Uncovered beach Forests near wetlants
XEB TS % [2ES P3| &S BB FFE ( Cyperus rotundus ) #1753 ( Phragmites FHEBNGBE, AR, FEEGHKER
Regional rare Gruidae Grus grus Migrant Wading bird <05m australis ) In less-disturbed marshes, heather bushes, or
wetland bird Cyperus rotundus and Phragmites australis sedge meadows
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Habitat types

[] el

Project site

BRAOBAES. DUKBRSENE, £MEHMRIE
Subsurface flow purification wetland: designed mainly
for water purification with a low biodiversity

SRR KIRL1.6m, DUEKEMFIRKEDAE,
ERZRVEP NS

Riverain: water depth is about 1.5 m, dominant with
emergent and submerged plants, designed for the
wading birds

FRAEI AR KIR0.3~0.5m, UEHEREKEY S
*, BARFOLERE (HE=E )

Surface flow purification wetland: water depth ranges
from 0.3 m to 0.5 m, dominant with high-density emergent
plants, designed for waterfowls (nesting space)

FWTBFER. KR <0.5m, DUKEFANE, B
Miygsk (A=)

Forest swamp: water depth < 0.5 m, mainly aquatic
trees, desiged for wading birds (nesting space)
BRBUISES: Mt hE, B EREES
ENIS

Forest island: mainly covered by woodland, designed for

zonal terrestrial birds, small mammals, etc.

MRS, KRN0.1m, BARMFSEE. HR%

P AERASISES. MEASD A EEARED, B

MIEENEE. FBE

Tree-shrub island: mainly covered by shrubs and
grasslands, designed mainly for raptors and wading
birds

FOKESE: KR1~4m, DEFUKEMINEKEY, BIR
WP AR B E K

Deep water area: water depth is about 1 ~ 4 m, partly
with submerged and floating plants, designed for large
waterfowls

HIKER: KR03~1m, RUTUKE® A E, BirFhh
PiEES

Shallow water area: water depth is about 0.3 ~ 1 m,
mainly with submerged plants, designed for waterfowls

SEEAMALE. KOR<0.3m, MIEKESNE, BIFY
A EE

Near-shore mudflat: water depth < 0.3 m, mainly with
emergent plants, designed for wading birds

Htb IR AR DURE. REATENENSNE
2E. SWEELE

Other landscape wetland: wet meadows, wet grasses,
etc. for tourist and educational purposes

SNEG: RHHINTRBNLI100m BT M TR RS
Green space in the border: recreational urban green ring
along the site border, about 100 m in width

Marsh in the lake: water depth is about 0.1 m, designed
for wading birds and waterfowls

water area of the site is planned as shallow water habitats
(0.5 ~ 1.5 m in water depth)®*
water habitats (1.5 ~ 4 m in water depth), providing habitats for

, no more than 20% as deep

large swimming birds, and no less than 25% as the near-shore
mudflats, marshes, and shallow swamps for wading birds, the
layout of which will dynamically change along the flood pulse.
To determine the total area of island habitats where birds can
nestle and reproduce, the designers take into consideration the
amount of cut-and-fill as well as ecological services; the island
habitats are diversified as grass islets, tree-shrub islands, and
forest islands by size.

In terms of the spatial layout of habitats, various flora and
fauna habitats are designed that simulate the pattern of natural
lacustrine wetlands. For instance, the near-shore mudflats are
scattered along the land and island banks; irregular islands are
designed to create diverse island micro-habitats.

4.3 Landform Design

Landform design is to create the physical spaces where the
restoration of wetland ecosystem occurs, and landform is an
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important natural constraint that defines the spatial distribution
of plants". Typically wetland landforms include mudflat, bay
shore, island, open water area, torrent zone, and backwater
zone"””, Diverse landforms should be designed to increase the
variety of water-depth and water-temperature zones, so as to
enhance the stability of wetland ecosystem'", The islands and
islets should be distributed randomly, combining with the needs
for water-soil conservation and minimum cut-and-fill (Fig. 4, 5).
The gradient of bank slope impacts the biodiversity of a
site drastically. Natural banks need to be diversified as much
as possible upon site conditions. The gradient of ecological
slopes should be no more than 1:6, or 1:16 to the cases with a
sufficient area of flats.

4.4 Water Level Design

The designers make allowance for both the short-term (3 to
5 days) water level changes and seasonal water level changes.
The water level of the site would drop about 0.5 m from the
rainy season to the dry season, and, after the completion,
adjustments will be needed according the actual water level
changes for a better ecological performance. During summers
(the rainy season), the wetland will function to store floods. The

Project site
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water level rise will turn the marshes and shallow water areas of
the site into deep water zones, where the vegetation species that are
not tolerant to long-time inundation will be eliminated. The water
level can also be slightly adjusted with the system of reservoirs

or dams for a short time period, when the emergent mudflats

will serve as foraging places for wading birds, or the increase of
submerged areas will augment the habitats for swimming birds.

4.5 Plant Community Building

Field investigations inventory nearly 480 native tracheophyte
species across the whole area of the Qinghuahai National Wetland
Park, which admirably informs the plant community design.

By studying the attributes of zonal vegetation, the designers
together with ecologists profile 4 major vegetation community
types for the site, namely 1) the semi-humid evergreen broad-leaf
forest typical to the Western Yunnan Plateau (for larger islands),
including communities dominant by Castanopsis orthacantha,
Cyclobalanopsis glaucoides, Lithocarpus dealbatus, etc.; 2) tree-
shrub community (for smaller islands); 3) riverain warm wet
grassland and zonal lacustrine wetland community, including
communities of Eulalia quadrinervis, Arundinella setosa, Leersia
hexandra-Iris laevigata, Digitaria setigera—Cyperus duclouxii,
Trapa incise, Zizania latifolia, Sagittaria trifolia, and Acorus
tatarinowii; and 4) lakeshore forest (Fig. 6).

For the semi-humid evergreen broad-leaf forest community, top
zonal plant communities are chosen as the targeted communities of
the site. The Miyawaki’s ecological method to reforestation®™ i.e.
high-density and high-diversity afforestation that leverages natural
succession of vegetation community, is employed in islands and
lakeshores. The energy flow, information flow, and material flow
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between the forest ecosystem and the wetland ecosystem will
shape a compound ecosystem of the site. Following the zonation
principle, the designers distribute the wetland plant communities
by required water depth—actually, the plant community types
and spatial distribution are roughly defined by the landform
design. The warm wet grassland grows in the low-lying terrains,
riverain areas, or lakeshores where season inundation occur.
The grass will lastingly survive for several years or even decades,
which thus can be regarded as perpetual plant communities.

4.6 Landscape Design with Minimal Intervention

Minimizing human intervention on the targeted species is
prioritized during the habitat restoration process. Tolerance
distance is a measurement of birds’ sensitivity to intervention.
For wetland birds, there are alerting distance, flush distance,
buffer distance, and safety distance, and flush distance is mostly
used as wetland design measurement. The longer the flush
distance, the more sensitive to human intervention the birds
are. For instance, the flush distance of wading birds is around
15 meters and 10 meters to swimming birds, while for the birds
used to human interventions (e.g. Passer montanus, Pica pica)
the flush distance is observed less than § meters”""*?!, Birds’ flush

200m
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distance sometimes changes because of the exposure and shield
B354 Tn this

case, landscape features and facilities (including the paths and

extent of the environment as well as human feeding

boating routes) are arranged by staying away from the habitats
of the targeted species that are far enough to protect the birds
from visitors’ interventions. Specifically, for the island habitats,
water surfaces can act as barriers between birds and humans, so
that the flush distance can be set relatively shorter than usual.
Therefore, smaller islands or islets are encouraged typologies

in sightseeing and recreational areas. Along the waterfront
walkways, plants can be added as shields that shorten the flush

distance and minimize human intervention.

4.7 Spatial Design for Natural Succession

In wetland restoration practices, natural succession often
takes a long time (about 8 years in similar cases) to begin. The
process can be accelerated if the design replaces seed banks from
other wetlands in this region (which contain a large amount of
propagules e.g. seeds and nutrients of ground vegetation)* into
the topsoil of the site!*”’],

In this case, the design employs both restoration approaches
of designed vegetation community and natural succession (Fig. 7).
By reserving the space for natural restoration, the sightseeing
zones introduce designed vegetation communities that partly
allow for natural succession; for the ecological restoration areas
(i.e. key habitats), natural succession is dominantly used, partly
introducing designed vegetation communities. Also, in the land
leveling stage, topsoil (about 20 cm in depth) is collected as a
seed tank and replaced into the areas of ecosystem restoration.

5 Conclusion

The wetland ecosystem restoration requires landscape
designers to translate related ecological principles into
appropriate design languages, to which the authors have
practiced for years. In this article, authors summarize 7 steps for
wetland park design upon a comprehensive understanding on
the laws of nature. This design method celebrates, leverages, and
facilitates natural succession. This method is clearly illustrated
with the ecosystem restoration design of Qinghua Wetland.

To evaluate the performance of ecological restoration, it is
necessary to regularly monitor the impact factors (water depth,
water quality, flora and fauna species and amount, etc.) and to
make adaptive management or adjustment measures if needed.
The ecosystem of the Qinghua Wetland is expected to restore
back to a near-natural or “quasi-natural” state within 3 to 8
years. LAF
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