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ABSTRACT

Land reclamation and dredging have a damaging
effect on marine and coastal ecology. This

study rationally analyzes the conflicts in the
approved environmental impact assessment
(EIA), including the negligence of the direct

and indirect effects on coastal and marine
habitats, the short circuit of the EIA procedures
among stakeholders, and the insufficient
marine environmental restoration schemes.
This study also promotes awareness among

the stakeholders so they will understand the
direct and indirect effects of land reclamation on
marine and coastal ecosystems, as well as the
indications if they follow the EIA procedures, and
implement a responsive marine bioremediation
before and during the dredging process. By
taking the Ocean Flower Island in Hainan,

China as an example, this study applied the
responsive oyster-seagrass-coral filtration bed
system before and during the dredging process
to maintain the water turbidity and suspended
sediment concentration below the tolerance
limits of the coral reefs in the adjacent areas.

KEYWORDS

Land Reclamation; Dredging; Environmental
Impact Assessment; Marine Bioremediation;
Responsive Prototype; Oyster-Seagrass-Coral
Filtration Bed System
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A map of land
reclamation and
dredging impacts
around Ocean Flower
Island with conflicts in
EIA report
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Indirect impacts: Offsite
disturbances caused by drivers
including sediment suspension,
changes of water flow direction,
and broken food webs
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Table 1: Living conditions of oyster-seagrass-coral habitat
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Filtration target

KR
Water depth

Skl

Life cycle

EREH

Growing conditions

e
Quantity
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Successful cases
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An Oyster can daily filter 0.19 m®
water. Oyster size: 100 ~ 115 mm
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Intertidal and sub-tidal zones with
water depth of around 1 ~3 m

2~6EEE, 2~3FMA, SFEEHENEEH
2 ~ 6 weeks for nursery; 2 ~ 3 years to be
mature; reproductive prime at 3 years of
age

IBE0~4°C, MMEIKEREE
Temperature between 0 ~ 4 °C;
Brackish water
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Oysters
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AN A BRI B —R

Great Bay estuary: 360-hectare filtration bed
can filter the entire estuary every 4 days
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Seagrass can filter shallow water
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Many seagrass species live

in depths of 1 ~ 15 m, but the
deepest-growing one has been
found at a depth of 58 m.
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R AR KR
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Clear, shallow, nutrient-rich, and
low-energy water
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30,000 seagrass trace sediments
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trapping sediments
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to protect coastline from erosion
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Water depth of 2 ~6 m
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1 Background

Statistics shows that land reclamation activities are increasing
worldwide in the 21st century. The land reclamation areas in
Hainan, China are rising since 2006 and eventually reached the
peak at 1,351.77 km” in 2013, After the central government
declared Hainan as an International Tourism Island in 2010,
developers rushed to occupy the coastal area because land
reclamation is a fast and cheap way to obtain excellent sea view
lands. However, research findings showed that the percentage
of local coral reef cover decreased from 70% in the 1980s to
nearly 10% in the 2010s"". Such dramatic shrinking is closely
related to the increasing land reclamation, as well as the
following human activities like fisheries and dredging.

The loss of coral reef habitats in Hainan is caused by
governance failure. Conservation structures, processes,
regulations, and laws are bypassed by stakeholders. The effect
of dredging on coral reef protection zone is underestimated
due to the insufficient environment impact assessment
(ETA) and lack of scientific knowledge. In December 2017,
all land reclamation projects were paused after months of
environmental inspection by the central government in Hainan

. . . 4
due to the serious coastal and marine environmental damages'*.

2 Proposition

A healthy coastal and marine ecosystem consists of
different marine habitats, including fisheries, coral reefs,
seagrasses, oyster beds, mangroves, and salt marshes, which
provide ecosystem services to each other. Dredging and
land reclamation activities cause irreversible loss and habitat
degradation to marine ecosystems. The direct effects include
the irreversible loss of benthonic fauna and changes in the
seabed, and the indirect one, which can be attributed to the
increasing suspended sediment concentration (SSC), causes
coral degradation. Given that it takes long to measure the latter,
many EIAs in China exclude this part or just provide a simple
and general statement without quantification assessments. In
the long term, the wave reduction ability of degraded coral
reefs will decline. As a result, increased wave energy passes
over the reef, which causes shoreline erosion and increases the
risks of damage to people’s lives and properties. On the other
hand, the increasing SSC caused by the dredging process can
serve as a positive source for oysters as filter feeders, which
is an ecological solution to land reclamation through the
bioremediation process.

By examining the different marine living conditions and
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$iFEaER Oyster life cycle

OYSTER:
A Oyster can filter a 50 Galloons

water of a day SZHEHP
(50 Gallons = 0.1893m3), lives in Fertilized
intertidal and subtidal shallow egg

area, water depth around 2
Meters;

Oyster Nursery:

It takes 2-6 weeks for a free
swimming Larvae to be nursed
and 2-3 years required to grow
mature; it gets reproductive at 3
years of age.

The Oyster Filtration:
The Oyster Filtration is
successfully evident in Great Bay
Esturary Projects that 360 Ha can
filter the volumn of the entire
esturary every 4 days.
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il OFA Applicable water depth: generally 1 ~ 3 m
SSC range for filtration: 10 ~ 100 mg/L
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Oyster nursery types
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Water level

$HEE ARAY N R
Responsive thresholds for oyster filtration bed
N/
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)

SSC 2 100 mg/L

Oyster closed its shell for filtra-
tion since the SSC is exceeding
threshold(100mg/L) that could not
do filtration.

”‘”W

SSC < 100 mg/L

Oyster Opens its shell for filtra-
tion if SSC is less than 100mgl/L.

% 1 - Wi iR
Column-netting filter reefs

Ask to stop Dredging
for check&inspection
_
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OFA HURDB
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Eil
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Ocean and Fisheries

Agency (Provincial) Urban-Rural

SeaAreaUser Housingand  Private
Developers

Development Bureau

Note: All materials used for the nursery are
biodegradable or in wood.

Development &
Construction
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Life cycle, nursery, and

filtration bed design of
oysters
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bioremediation that oysters and seagrass provide, and testing
the prototypes of oyster filtration bed, seagrass filtration bed,
and oyster-seagrass filtration bed, the oyster-seagrass-coral
filtration bed system is proposed in this study to protect the
coral reef and consequently reduce wave energy and protect the
coastal area. Adopting the designed filtration bed system before
and during the dredging process and strictly following the EIA
procedures can maintain the water turbidity and the SSC at a
low level (10 mg/L), thereby providing an ideal living water
condition for the healthy growth of corals and enhancing their
habitats.

3 Speculation

The study area is the Ocean Flower Island, a 780-hectare
artificial archipelago located at the north coast of Danzhou in
Hainan. The island consists of three independent islets (Ocean
Flower Islet 1 ~ 3), which were reclaimed by dredging from the
nearby seabed since September, 2012. The study started with
a thorough analysis of the conflicts between the information
declared in the approved EIA and the marine habitat data
published in research papers. In addition to the short circuit
and misconduct of EIA procedures, four other major conflicts
were identified (Fig. 1, 2).

Conlflict 1: No Pinctada maxima was reported in 2011 in
the protection area in EIA which evaluated and compared the
coastal ecology in 2011 ~ 2012 and during the land reclamation
and dredging, but a study conducted in 2011 found this oyster
species in the region”’.

Conflict 2: The approved EIA claimed that the dredging
activities have no effect on the coral reef protection zone, but a
previous study stated that Dredging Zone 3 affected this zone
and the coral coverage and diversity decreased from 20035 to
2015',

Conflict 3: As the central government requires, the EIA
and all project proposals of land reclamation projects covering
more than 50 hectares should be approved at the national level,
which may take a long time and be rejected”’. Therefore, the
project was divided into 36 small projects to obtain approval
quickly and easily'®.

Conflict 4: The Ocean Flower Island EIA report showed that
the SSC around the island in 2008 was less than 10 mg/L (the
threshold of an ideal water turbidity for the healthy growth of
corals). In the EIA conducted in 20135, a two site-sample survey
showed that the SSC range in March and September 2014 was
10 ~ 20 mg/L and 20 ~ 40 mg/L, respectively. However, the
results were inconsistent with the findings of numerous studies,
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BEEMER Seagrass life cycle Seeds oj@‘" _\‘0%@- Al
Seagrass: 0
Many seagrass species live in
depths of 1 to 15 meters, but the HH K2

deepest  growing seagrass
(Halophila decipiens) has been
found at depths of 58 meters.

Flowering shoots Approximately 2 weeks

S

Seagrass Nursery: fragment
BEBERY R

It takes around 2 weeks for a
flowering shoot to grow a
rhizomed fragment with seedling,
and further expands.

Seagrass Filtration:

Seagrass can filter shallow water,
0.4 Ha can produce nearly 30,000
seagrass trace sediments

BEEEHE Seagrass bed expansion
Seagrass nursery ..
9 V sunmz o ISEEER
, KA Seagrass g \a‘h} Seagrass filtration bed
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which argued that the SSC of a dredging site is generally not less
than 100 mg/L.

The nephelometric turbidity unit (NTU) data can be
converted into SSCs (mg/L) by applying site-specific algorithms
(conversion factors) based on gravimetrically determined total
suspended solid levels versus nephelometer readings (1 SSC =
3.4216 NTU). The SSC of the dredging site in the Ocean Flower
Island was set as 100 mg/L, which negatively correlates with the
distance to the island. Three locations with distances of 3.2 km,
4.2 km, and 5.9 km, respectively from the dredging site to the
coral protection zone were sampled, and their SSC levels were
75.3,73.6, and 66.7 mg/L, all of which can cause partial coral
mortality according to many studies (Fig. 3). A previous research
categorized the SSC tolerance levels and critical thresholds for
coral growth into three: 1) level where corals survive (10 mg/L),
2) level where corals face partial mortality (20 mg/L); and 3)
level where corals die (100 mg/L)"".

Aside from the conflicts with other research findings, the
indirect effects of dredging and land reclamation sites were also
disregarded in the EIA report. Such effects are assumed to be
immeasurable in EIA, but several studies were able to evaluate
the SSC levels at different distances from the dredging site!""""!"*,
The findings revealed that the indirect effects of these sites pose
serious threats to coral habitats.

4 Design Strategy

4.1 Filtration Bed Prototypes

The design strategy, which aims to address the
abovementioned conflicts, is based on the detailed investigation
of the bioremediation process, living conditions of various
marine habitats (Table 1), and life cycle and nursery processes
for production and remediation, which are conducted before
and during the dredging and land reclamation operations
(Fig. 4 ~ 6). This strategy intends to utilize the filtration
function of oysters by combining their filtration layers with
seagrasses to protect corals from degradation and consequently
reduce wave energy and safeguard the coastal areas.

Three filtration bed prototypes are developed (Fig. 4 ~ 6).
These beds can be set adjacent to land reclamation and dredging
sites in Ocean Flower Island at different locations with
distinctive water depths and filtration thresholds (Fig. 7, 8).

Prototype 1 is an oyster filtration bed, which can be
deployed at locations with water depth of 1 ~ 3 m and SSC
of 10 ~ 100 mg/L. An adult oyster can filter 0.2 m’ water per
day, and an oyster filtration bed unit with a size of 30 m by
120 m can contain 360,000 oysters and therefore facilitate full
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A4 asEER Coral life cycle

Coral:

Coral grows at water level at 2-6 meter deep.

Coral reef could reduce wave energy to reduce
shoreline erosion;

It takes 8-14 months for nursering from 1 to 2cm
fragments to 6-9 cm diameter Juvenile Coral, and then
transplanted to existing Coral Reef.
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filtration at a dredging rate at 3,000 m’ per hour (i.e.
72,000 m’ per barge per day).

Prototype 2 is a seagrass filtration bed, which can be
deployed at locations with water depth of 1 ~ 15 m and
SSC of 10 ~ 20 mg/L. The size of the seagrass filtration
bed unit, which contains 720,000 seagrasses, is 30 m by
120 m.

Prototype 3 is an oyster-seagrass filtration bed, which
can be deployed at locations with water level and SSC of
1 ~15 m and 10 ~ 100 mg/L, respectively. An oyster-seagrass
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filtration bed unit contains 360,000 oysters and 720,000
seagrasses with a size of 30 m by 120 m.

4.2 Responsive Bioremediation Design
For a dredging site with an initial SSC level of 100 mg/

L, the application of the first responsive oyster filtration

bed can reduce the SSC to 30 mg/L. After the second
responsive oyster-seagrass filtration bed is used, the SSC
level will further decline to 10 mg/L. However, contingencies

or over-dredging events can cause the system to break
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A sectional perspective
of bioremediation layers

down. To address such drawbacks, the oyster-seagrass-coral
system is designed to respond to their corresponding physical
conditions. Oysters will stop the filtration and close their
shells if the SSC exceeds 100 mg/L, and seagrasses and corals
will not mature if the water quality is below the normal
thresholds (30 mg/L for seagrasses and 10 mg/L for corals).

The responsive oyster-seagrass-coral system can be
monitored using Remote Closed-circuit Television (CCTV). If
an oyster shell is opened, the oyster is performing filtration;
otherwise, the SSC is higher than 100 mg/L. In the latter case,
the dredging party might be instructed by the marine authority
to stop for inspection. Similarly, if the seagrasses are not
growing well, the SSC may be higher than 30 mg/L (Fig. 9).

The coral nursery is another responsive design that is
implemented near the coral reef to assess if the water quality
exceeds the healthy living threshold. Coral farmers cut
the corals and nurse the juvenile on a tray or a coral tree.
If the coral exhibits excellent growth during the months
monitored by the remote underwater CCTV, the water quality
is considered good and the coral will be transferred to the
original coral habitat to increase the coral coverage. If the
coral dies, the dredging activities will be stopped for inspection
(Fig. 10).

Finally, a new project timeline for Ocean Flower Island
is proposed, which incorporates a slightly revised land
reclamation EIA procedure and adopts bioremediation
programs (Fig. 11). The timeline indicates that the start of
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+_ Seagrass filtration bed

SSC: 30 mg/L

4145 - BEIRR
T—Oyster—seagrass filtration bed
3.3 km

TR 10 km

Coral reef protection zone
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Indirectimpacts

the land reclamation and ground-level construction of Ocean
Flower Islet 1 will be delayed for at least 5 and 8 years,
respectively, if the bioremediation process for the responsive
oyster-seagrass-coral filtration bed runs smoothly before and
during the dredging process and the EIA procedure is followed

properly.
5 Conclusion

Adopting the responsive oyster-seagrass-coral filtration
bed system as a bioremediation design and following the EIA
procedures for the dredging process to maintain or enhance
marine habitats, it takes years of longer time in the process for
the assessment and negotiation among different stakeholders
in the land reclamation and dredging process. The time cost is
extremely high, and everything is counted in an ideal situation.
The contingencies or delays in the project will prolong the
project timeline. Under such situations, the stakeholders
must carefully think before making decisions regarding land
reclamation, because high time costs and bioremediation
inputs contradict their original intention to obtain land in a
fast and cheap way. Regardless of the time cost, the responsive
bioremediation design is valuable to the ecosystem. The
bioremediation prototypes can be used in any water body with
high SSC levels to perform filtration and enhance the marine
ecology.

Human activities affect the ecosystem and the ecology.
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The collapse of the ecosystem poses risks to human lives and

properties. The ecosystem is interrelated with different habitats

to be a generating force, an active though complicated agent

in the structuring of the city, and an agent that physically,

biologically, and constructively engages in the various advanced

biotechnologies, governances, public policies, and land

dynamics. This study discusses the functions of the oyster-

seagrass-coral habitat in their ecosystems, including their

services and mechanisms. The filtration capacity of this system
manifests a new and creative form of bioremediation practices,

which are responsive, adaptive, and effective for marine and

coastal protection, implying the concept that “design with

nature, solve nature with nature.” LAF
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