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Abstract Coastal mangrove wetland is one of the areas whose global ecological environmental conditions have severely changed. Its ecosystem

is vulnerable to damaged. The international community has paid attention to conservation and wisely use of mangrove wetland. This paper de-

scribes five parts of coastal mangrove wetland at home and abroad, including seawater’s purification effect of nitrogen and phosphorus,

seawaler’s adsorption of heavy metals, the functions of carbon sequestration and climate regulation, implant restoration techniques and the status

of protection and management . And research trends of coastal mangrove wetland were proposed, in order to provide reference for the restoration

and protection of China’s coastal mangrove wetland.
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Coastal wetland is the middle land that links marine ecosystem and
continental ecosystem where fishery resources such as fishes,
shrimps, crabs and shellfishes reproduce, grow, feed and live and
is the ideal place for marine plants including seaweed or sea grass
and mangrove. Constaza et al'' estimate that the gross revenue of
global coastal tidal flat ecosystem is worth $1.55 x 10" account-
ing for 46% of the total revenue of the global ecosystem. The
coastal mangrove wetland is an important part of the coastal tidal
flat ecosystem and plays a key role in food supply, wild species
germplasm conservation and the sustainable development, biodi-
versity conservation, regional marine environment purification as
well as in keeping biological balance, carbon sequestration and
implant restoration.

Over the past years, due to the increasing population in
coastal areas and the rapid development of coastal economy and
problems brought by the urbanization as well, coastal mangrove
wetland has been severely polluted by coastal construction, over
exploration and increased industrial wastewater, urban sewage and
sewage from agricultural activities which result in sharp reduction
of mangrove wetland, severe water eutrophication and a less di-
verse and integrated environment biologically and ecologically.
Therefore, it is our top priority to restore the ecosystem of coastal
mangrove wetland. This paper will discuss the marine ecological
effect of coastal mangrove wetland at home and abroad and will al-
so demonstrate the research advances on its restoration and protec-

tion in a bid to provide reference for China’s coastal mangrove wet-
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land ecosystem restoration and protection.

1 Research advances on marine ecological effect of
coastal mangrove wetland

Planting mangrove can function effectively in terms of environmen-
tal management and protection as well as mangrove forest conser-
vation. Meanwhile, it is also of great significance for the healthy
and sustainable development of coastal ecosystem and environ-
ment. Mangrove forest ecosystem can reduce COD, suspended sol-
ids, nitrogen, phosphorus and heavy metals as well as CO, by
means of soil surface absorption, chemical precipitation, microbial
metabolism and plant uptake through which dismissed pollutants
and organic matter can be removed and water & air pollution can
be relived — the most significant being seawater’s purification of ni-
trogen and phosphorus and adsorption of heavy metals, carbon se-
questration as well as climate regulation.

1.1 Seawater’s purification of nitrogen and phosphorus
Tam et al> ™ found that mangrove forest ecosystem demonstrated
a strong absorption capacity of heavy metals and nutrients such as
nitrogen and phosphorus from the sewage water. With plants and
microorganism absorbing nitrogen and phosphorus as well as soil
filtering nitrogen and phosphorus, mangrove forest can remove eu-
trophic substances in water'*’. Chen"™' found that in the case of
Nansha Wetland Park, after pollutants coming into the mangrove
wetland, there was a sharp reduction of nitrogen, phosphorus,
COD and BOD in the water body. In addition, by establishing
mangrove — growing — and — farming coupled ecosystem, Li et al'®’
have proved that mangrove can reduce nitrogen and phosphorus in
the water body. In a research case of environmental effect of man-
grove wetland restoration in Nansha, Guangzhou, Bai et al'”’ con-
cluded that the phosphate density in the river water of Nansha dis-

trict showed an inverse relationship with the mangrove coverage
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along the watercourse to certain extent. It was also estimated that
the reed and mangrove wetland could reduce 10 436 kg phosphorus
and 105 789 kg nitrogen approximately in total per year. Mean-
while, Boto™®’ and Clough’ et al also pointed out that mangrove
forest could absorb 1 020 kg phosphorus and 150 250 kg nitrogen
per hectare annually. Chen et al'"® and Liao et al'"" found that in
a simulated wetland ecosystem under a condition of warm house,
mangrove forest demonstrated a significant effect on nitrogen and
phosphorus purification from the sewage water. Also, Huang et
al™ pointed out that in the tidal planting — farming system, the
mangrove forest could purify the water to IT —III sea water quality
standard.

In terms of mangrove wetland’s nitrogen and phosphorus puri-
fication, most research were focusing on man — built mangrove for-
est ecosystem, while the purification of nitrogen and phosphorus of
natural mangrove wetland in eutrophic seawater has been mostly
applied to farming wastewater treatment. Future theoretical re-
search should prioritize overall environment and ecosystem im-
provement of natural mangrove wetland. There are two points that
need special attention; first, mangrove’s ecosystem improvement
capacity under different planting density through which mangrove
coverage rate can be calculated for future reference; second, the
possible synergistic effect and antagonistic effect among different
plant species, and between mangrove and benthos, mangrove and
other environmental factors during the purification process should
be further investigated.

1.2 Seawater’s adsorption of heavy metals
ting lab tests and analyzing field samplings, scientists from home

Based on simula-

and abroad have conducted a great deal of research regarding
heavy metal absorption of coastal mangrove wetland. Compared to
mangroves themselves, their sediments in the mangrove wetland
demonstrated a better absorption capacity of heavy metals. In
terms of mangrove, the heavy metal content varied in line with dif-
ferent parts of the plant or plant species. To be more specific, re-
garding to heavy metal content, fine root > middle root > stem >
leaf and flower. Heavy metal absorption of the upper layer of the
sediment was more than that of the lower layer. The simulating
tests proved that the absorption rate of Cr, Cd and Cu in the sedi-
ment was 4% higher than that of Ni and Zn. In the case of Ae-
giceras corniculatus forest of Jiulong River Estuary, Fujian, its
sediment absorbed 5 heavy metals including Cu, Pb, Zn, Mn and
31 In addition, the

absorption rate of different heavy metals of the Avicennia marina

Cd, accounting for 95% of the total amount

forest of Futian, Shenzhen increased stepwise: Cd < Cr < Pb <Ni
<Cu<Zn<Mn'". Qu et al'”' sampled in the typical mangrove
wetland in Hainan and found that compared to research at home
and abroad, the heavy metal content in this region was lower than
the average level; in the core sediment, as content demonstrated a
trend that surface layer had higher content, upper and middle lay-
er lower content and lower layer less higher content. Among the
world’s largest mangrove forests, the contents of several heavy met-

als in the sediment decrease in an order of Mn, Zn, Cu, Pb, Ni,

Cr, Cd and Hg'"*™"'. The research result of Shriadah'’ and He
et al™' showed that the heavy metal contents in mangrove sedi-
ment demonstrated a significant positive correlation with organic
matter content. He et al™’ found that heavy metal contents of
mangrove plant tissues were low, with Pb and Zn content being
lower than that of rhizosphere sediments and heavy metal contents
of mangrove rhizosphere sediments being higher than that of mud-
flats.

Major research on seawater’s absorption of heavy metals of
mangrove wetland focused on the same mangrove species, the
heavy metal contents and characteristics of its sediments, while
there has been few research conducted on different mangrove
species’ heavy metal absorption capacity. Therefore, future re-
search should be pay more attention to the comparison of heavy
metal absorption capacity of one species in different areas and one
area’s different species.

1.3 Carbon sequestration and climate regulation functions

There are 1. 81 x 10° km® mangrove wetlands globally, which
have become world’s major source that can absorb CO,. With high
deposition rate and low decomposition rate, mangrove wetland pos-
sesses a strong capacity of carbon sequestration. By means of pho-
tosynthesis, mangrove plants can capture CO, from the atmos-
phere, meanwhile release O, in the process of respiration. As a
result, they keep the dynamic balance of CO, and O, in the atmos-
phere, relieve greenhouse effect and provide the most essential el-
ements for human’s survival*'. In the wetland ecosystem, the ma-
jority of the carbon storage of the entire ecosystem is from the soil
layer of the wetland. Soil carbon storage with plant covered on tid-
al wetlands is larger than that of bare tidal wetlands™'. Present-
ly, many are focusing on the research on carbon cycle of terrestrial
forest ecosystem, while little attention has been paid to carbon
storage and carbon cycle of coastal mangrove wetland. Through in-
vestigation and analysis, Duan et al'™' estimated the carbon se-
questration rate and carbon sequestration potential of wetlands in
China. It has been concluded that mangrove wetland and coastal
salt marsh enjoy the highest carbon sequestration rate. Mangrove
ecosystem is a carbon sequestration source. In a global context,
plants’ carbon storage is 403Gt, with 7/10 being in the tropic
zone. And globally, the carbon sequestration capacity of mangrove
ecosystem is 0. 18 Gt per year within which soil carbon pool pro-

duces 0. 02Gt per year and plants 0. 16Gt per year™'.

By adop-
ting whole plant harvesting method and constant drying method,
Kang et al'™ calculated and concluded the biomass of four domi-
nant mangrove species in Guangzhou and therefore calculated the
gross productivity of the mangrove ; using Potassium dichromate —
hydration heating method, they determined each sample’s carbon
content from the four species’ plant tissues and therefore calculated
the plants’ carbon content by which determined the annual gross
productivity of carbon sequestration of mangrove plants; the calcu-
lation method of carbon sequestration potential was also provided.
Sampling soil profiles from 3 natural mangrove forests in Gaogiao,

Zhanjiang Mangrove National Nature Reserve, Guangdong, Xu et
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al™’ determined organic carbon content of the soil by using iso-
tope measurement method. It turned out that among the 3 plant
communities ( Aegiceras corniculatum, Kandelia Candel and Bru-
guiera Gymnorrhiza, Avicennia marina), Aegiceras corniculatum
possess the largest carbon stock and Avicennia marina the least.
Presently, many research have calculated the carbon content
of mangrove plants and soil layer and their carbon sequestration
potential as well, whist there has been few focusing on the rela-
tionship of mangrove carbon content and other environmental fac-

tors, which should be given priority in the future research.

2 Research advances on coastal mangrove wetland
restoration techniques

Mangrove, growing in the tropics and subtropics, are woody
plants, often form green broadleaf forest. They can be found at in-
tertidal areas such as marine shorelines and estuaries. On a global
scale, there are 24 families, 20 genus and 86 species (including
variations) being considered as mangrove. Mangrove and its sur-
rounding environment consist of a special ecosystem — mangrove
ecosystem, including 3 subsystems : mangrove plants, soil and wa-
ter body. Mangrove ecosystem is one of the most important ecosys-
tem of the coastal wetland ecosystem in China.

Research on mangrove restoration techniques started late,
and the international community has taken measures to relieve and
prevent the problem of mangrove forest degradation. Bangladesh is
the first country that started the mangrove afforestation with the
largest artificial mangrove forest. The country’s first small — scale
afforestation project started from 1996, lasting 7 years; over the
period of 1974 — 1990, with the financial support from the World
Bank, the country had built 1. 15 x 105 hm’ mangrove forests > .
China’s mangrove restoration and development research began in
1991. Lu et al™ have researched the introduction of mangrove in
Jiulong river estuary, Fujian. Lin et al'®’ systematically analyzed
some critical techniques of Kandelia candel afforestation based on
field experience of mangrove afforestation and suggested that hypo-
cotyl implant technique should be adopted due to its effectiveness.
They also provided suggestions of hypocotyl implant depth, density
and standards as well, which have become technique reference for
China’s large — scale mangrove afforestation. Liao et al”™ who re-
searched on afforestation techniques of Kandelia candel found that
when using hypocotyl implant, the survive rate of the first 6
months would decrease as the seedling growed and therefore con-
cluded the initial implant density.

Peng et al”" believed that failing in improving the survive
rate had resulted in the failure of coastal mangrove afforestation,
whilst the survive rate was closely connected with the applying of
implant techniques. Hence, they concluded 4 mangrove implant
methods on the basis of domestic and foreign research advances on
coastal mangrove wetland restoration and pointed out that hypocot-
yl implant should be widely adopted in the future’s afforestation.
Hypocotyl implant means to collect wild brood body for implant
and then plant the 1/3 —1/2 depth of seedling into the mud. The

row spacing is very important because it will determine the effect
of wind — and — wave resistance and the quality of juvenile wood.
The usual row spacing out of China is 0.4 = 1.5 m. In terms of
China, the row spacing varies according to the species of man-
grove: sonneratia apetala 2 m x 1 m, Kandelia candel 0.5 m x 1
m, l mx1 or0.2 mx0.4 m, aegiceras coriculatum 0.2 m X
0.4 m, Bruguiear gymnorrhiza and rhizophora stylosa 0.4 m x 0.4
m, 1 mx2 m correspondingly'™ ', Mo et al™ who conducted
research on mangrove planting at tidal flats in Guangxi found that
there were 5 mangrove species that could be popularized for large
— scale afforestation at tidal flats in Guangxi, including Kandelia
candel , Avicennia marina, Rhizophora stylosa, Bruguiear gymnor-
rhiza and Aegiceras corniculatum thanks to their good adaptability
and the abundance of provenance.

The mangrove implant techniques has been applied and the
results have turned out to be excellent. Some fishermen from Zhe-
jiang introduced 122 Kandelia candels from Fujian in 1957. With
high survive rate and preservation rate, the area of mangrove had
enlarged to 10 hm” after natural reproducing'™’. In 2001, Mexico
planted Avicennia marina using group planting technique (2 -5
seedlings per group) , and it turned out that their survive rate was

[7 " In 2001, more advanced im-

sustained at 74% approximately
plant techniques were adopted in Huizhou, Guangdong, and son-
neratia apetala introduced from out of the region had proved to be
afforested successfully with survive rate of over 90% . China’s
mangrove forests restored and covered 22 024. 9 hm® in 2001.
Most domestic and foreign research on coastal mangrove wet-
land restoration still focus on revegetation, with priority on seed-
ling raising techniques and choosing forestation — suitable land,
but fail to regard restoration of ecosystem function as research ob-
jectives, which is why they cannot be considered as ecological res-

toration. Lewis™"

set goals for coastal mangrove wetland restora-
tion of the state of Florida. There are two sections of the goal of
mangrove restoration: sustainable vegetation cover and mangrove
function restoration or the restoration of its ecosystem functions.
Hence, after researching on restoration techniques of coastal man-
grove wetland, we should put our priority on restoring its ecosys-
tem functions and conducting research on the protection and resto-

ration of the structure and functions of coastal mangrove wetland.

3 Status of coastal mangrove wetland protection and
management at home and abroad

On a global scale, mangrove forests had been severely damaged in
the process of economic development and had not drawn enough
attention of the international community until 1970s. FAO had not
taken actions until 1950s since when it had conducted over 60 re-
lated projects in 35 countries and offered technique supports for
these countries in terms of the mangrove protection, restoration,
management and its sustainable development as well. Since
1980s, large amount of research and investigations have been con-

ducted globally. And after 1982, the UNDP of UNESCO had star-

ted mangrove projects in 8 countries over the period of 8 years and
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achieved fruitful results. The UNDP established International So-
ciety for Mangrove Ecosystem (ISME) and pass the Mangrove
Chapter in 1990. In addition, MAB and WWF have also joined
their efforts with the United Nations in protecting mangrove for-
ests.

There are 121 known countries and regions that have man-
grove forests, 42 in America, 33 in Africa, 25 in Asia and 21 in
the Pacific islands, whose major efforts in mangrove protection and
management have been making legislations and founding conserva-
tion areas. Countries and regions out of China started early in
terms of the coastal mangrove wetland protection and management.
Major legislations and regulation around the world for mangrove
protection and management are; Ramsar Convention, Convention
on Biological Diversity, Coastal Mangrove Protection Plan of Thai-
land, West African Mangrove Protection Regulations of West Afri-
ca as well as National Mangrove Regionalization Strategy of Ecua-
dor. More mangrove conservation zones in the world see Table 1.

Mangrove are protected in China. Chinese authorities have
established over 36 mangrove conservation zones in national, pro-
vincial and county — level terms (see Table 2), and made related

legislations and regulations in a bid to protect mangrove. China’s

Table 2 China’s Provincial and National Mangrove Nature Reserves

legislation of modern mangrove protection law started in 1980s.
Currently, China’s mangrove protection laws and regulations in-
clude Criminal Law, Forest Law, Marine Environmental Protection
Law, Nature Reserve Ordinance, Agricultural Law, Land Adminis-
tration Law and Mangrove Ecosystem Protection Measures for the
administration of the PRC. In addition to national laws, many lo-
cal authorities have set up local regulations for mangrove protec-
tion, including: Hainan Nature Reserve Management Ordinance
and Notice on Strengthening the Protection of Mangroves and Coral
Reefs in Hainan, Mangrove Ecosystem Nature Reserve Management
Ordinance of Beilun Estuary of Zhuang Autonomous Region, Guan-
gxi, and Marine Nature Reserve Management Ordinance of Beilun

Estuary of Zhuang Autonomous Region, Guangxi.
Table 1 Mangrove Conservation Zones in the world

Country Conservation Zone Name
Brazil Reentrancias Maranhenses State Protected Area
Malaysia Tanjung Piai National Park

Pulau Kukup National Park

Saloum Delta Biosphere Reserve

Malaysia

Republic of Senegal
The Malay Peninsula
The Republic of Ghana

Matang Mangrove Forest Reserve
Songor Ramsar Wetland Reserve

Level Name

Location

National Hainan Dongjiazhai National Nature Reserve

Haikou, Hainan

Provincial

Guangxi Shankou National Mangrove Ecosystem Nature Reserve
Futian National Nature Reserve of mangroves and birds
Guangdong Zhanjiang Mangrove National Nature Reserve
Guangxi Beilun Estuary National Nature Reserve

Fujian Zhangjiang Estuary National Mangrove Wetland Nature Reserve
Hainan Qinglan Provincial Nature Reserve

Fujian Jiulong Estuary Provincial Mangrove Nature Reserve
Quanzhou Estuarine Wetland Nature Reserve

Guangdong Zhuhai Qi’ao — Dangan Island Nature Reserve
Guangxi Qinzhou Maowei Sea Mangrove Reserve

Hong Kong Mai Po Nature Reserve Restricted Area

Hepu, Guangxi
Shenzhen, Guangdong
Zhanjiang, Guangdong
Fangcheng Port, Guangxi
Yunxiao, Fujian
Wenchang, Hainan
Longhai, Fujian
Quanzhou, Fujian
Zhuhai, Guangdong
Qinzhou, Guangxi
Yuen Long, Hong Kong

Taiwan Zhuwei Mangrove Nature Reserve

Zhuwei, Taipei

China’s mangrove forests have not been well protected al-
though there are over 10 national laws and local regulations. 40
years ago, China has 4.2 x 10* hm® mangrove forests, but nowa-
days the area has decreased to only 1.46 x 10* hm’ which is less
than 1/1000 of the world’s total mangrove forests resulting from de-
forestation and sea land reclamation for landing and aquaculture.
Therefore, only have we had stricter enforcement on these laws
and regulations, can we make the current mangrove exploration
(lawless, guiltless and disordered) under control for the sake of
more effective marine and tidal resource protection including man-

grove forests.

4 Outlook

Since coastal mangrove wetland is most damaged during the world’s
ecosystem environment changes and the most vulnerable areas re-
garding its ecosystem, it has drawn many attentions from the inter-

national community in terms of the protection and reasonable ex-

ploration of mangrove wetlands.

There have been few conflicts between people and natural re-
source in countries like the United States, UK, France and Ger-
many. Therefore, there is little need in developing marine engi-
neering and other technology that can improve the ecological func-
tions of shorelines in these regions. Regarding this, their urgent
research demands fall in the ecological structure, carbon seques-
tration, environmental effects, dynamic monitoring and protective
legislations of coastal and tidal areas.

China’s widespread coastal mangrove wetlands can filter and
purify surface water that comes from surrounding lands and rivers,
relieve sea water deterioration and red tide issues, and is of great
importance in terms of global carbon sequestration. Moreover, it
plays a significant role in protecting seedling resource of local ma-
rine species and its biodiversity as well as adjusting and maintai-
ning local climate. Nevertheless, China’s coastal mangrove wet-

lands have been severely damaged with 1/3 of the natural man-
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grove wetlands being threaten.

China’s coastal mangrove wetland research have not started
until recent years. Regarding the research on biological restoration
and carbon sequestration function of China’s mangrove wetland
ecosystem as well as suggestions to counter measures and manage-
ment, there are several fields needing our extra attentions: (1)
current situation of coastal mangrove environment; (2) most rea-
sonable restoration methods according to regions and mangrove
species; (3)mangrove’s purification effect on eutrophicating mat-
ters; (4)dynamic recycle mechanism of mangrove wetland’s car-
bon sequestration; (5)the interactions between mangrove and mi-
croorganism and soil, and the sustainable development of man-
grove wetland ecosystem; (6)measures for protecting and manag-

ing mangrove wetland ecosystem.
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