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Foreword

The primary objective of the Global Envirenment Facility /United Nations Development
Programie/International Maritime Organization Regional Programme for the Prevention
and Management of Marine Pollution in the East Asian Seas is to support the efforts of the
eleven (11) participating zovernments in the East Asian Region to prevent and manage marine
pollution at the national and sub-regional levels on a long-term and self-reliant bases, It is
the Programme’s vision that, through the concerled efforts of stakeholders to collectively
address manine pollution ansing from both land- and sea-based sources, adverse impacts of
marine pollution can be prevented or minimuzed without compromising desired economic
development.

The Programme framework is built upon innovative and effective schemes for manne
pollution management, technical assistarice in the strategic mantime sectors of the region,
and the identification and promotion of capability-building and investment opportunities to
atiract the public azencies and the prvate sector lor lunding and mmvestment, The more
specific Programme strategies are:

«  Develop and demonstrate operational models on marine pollution reduction/
prevention and risk management;

= Assist countries in developing the necessary legislation and techmical capability to
implement internztional conventions related to marine pollubion;

+  Strengthen institutional capacity to manage manne and coaslal areas;
«  Develop regional network of stations for marine pollution monitoring;

*  Promote public awareness on and participation in the prevention and abatement
of marine pollution;

+  Tacililate standardization and intercalibration of sampling and analyheal technigues
and envirommental impact assessment procedures; and

+  Promote sustammable financing for achvities requinng long-term commitments,

One of the Programume’s activities in articulating the mission statement is the establishment
of demonstration projects. Located in the southern part of Fujian province, People’s Republic
of China and northwest of Taiwan Strait, Xiamen is one of the three demonstration sites of
the MFPP-EAS. Xiamen consists of the Xiamen island proper, Gulangyu Islet and the coastal
part of the north bank of inland Jiulongjiang River. The Xiamen Municipality comprises six
districts and one county, namely: Kaiyvuan, Siming, Gulangyu, Huli, Jimei and Xinglin Dislricts
and Tong’an County.
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Xiamen Municipality is one of the five “special economic zones™ (SEZ) approved by the
State Council of the People’s Republic of China. It has been transformed into a beautiful port
city with fairly complete infrastructure and vigorous cconomne exchange, locally and abroad.
The industrialization of Xiamen has accelerated in recent years, providing a variety of
technologically advanced products that are very competitive in the international and domestic
markets,

The pace of cconomic development in Xiamen compounded by population increase
have exerted significant impacts on the coastal environment, especially those associated with
pollution and resource-use conflicts, Tradifional management approaches to mitizate those
impacts have not been successful, The utilization of marine resources contriibutes a lot in the
socioeconomic development of Xiamen. In order to achieve sustainable development of the
coastal areas, it 1s necessary to shifl to and adopt the integrated coastal management aproach
(ICM).

The MPFP-EAS selected Xiamen as a demonstration site since its Integrated Task Team
adopts the ICM framewaork to address the effects and potential consequences of economic
activities and marine pollution. The ICM approach provides the necessary framework,
including options and measures with respect to environmental management, in dealing with
cross-sectoral coordination and integration. Specifically, it aims to demonstrate how ICM
can be applied to (a) prevent and manage land-based pollution sources in an arca moving
towards heavy industrialization; (b) encourage the active participation of industries with the
city/municipal and provincial governments to minimize pollution risks from existing economic
activities and future developments; and (¢} involve non-government organizations as strong
partners in the protection of the coastal and marine environments,

This Coastal Environmental Profile of Xiamen is one of the initial inputs of the Integrated
Task Team of the Xiamen Demonstration Project (ITT-XDP). It is i synthesis of available
mformabon provided by or acquired from various government agencies, institutions and
aroups within the Xiamen. This Frogfe represents the Team’s assessment on the environmental
and socioeconomic status of Xiamen, including its institutional and legal chavacteristics from
a multidimensional perspective, The purpose of this Frofife is not simply to characlerize
Niamen and its myriad activities but also to identify crucial management issues alfecting or
will affect it, including significant data gaps which could shed further light on the identified
management issues. From there, recommendations are made on how to address the issues
and achieve the overall strategic environmental management plan, as well as articulate the
actions to address the management issues identified in this Frofife, This Frofileis not expected
lo be static and will be revised accordingly as the XDP progresses in its implementation of
vinions activities over the next two yvears,

Chua Thia-Eng

Regiona! Programme Mangeer
Rezional Programme for the Prevention
and Management of Marine Pollution
in the East Asian Seas
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Preface

In 1993, the GEI'/UNDF/IMO Regional Programme for the Prevention and Management
of Marine Pollution in the East Asian Seas (MPP-EAS), executed by the International Maritime
Organization (IMO), was officially launched in Xiamen, China, through the signing of the
Programme document by the participating East Asian countries at an intergovernmental
consultative meehing,

An important activity of the Programme is the Xiamen Demonstration Project (XDF).
The project objective is to strengthen Xiamen's capability to apply the integrated coastal
managetient (ICAM) system in the preventon, mitigation, and management of marine pollution
on a self-reliant basis, and to demonstrate its workable experience to the countries of Easl
Asia.

The Coastal Environmental Profile of Xiamen (heremnafter referred to as the Frofife)
covers the following:

+  Natural environment and its relabon to development;

+  Marine resources and their development status;

+  Urban socioeconomics and status of ecological environment,
= Status of coastal water quality;

+ Characteristics of manne ecosvstem and problems;

+  Status of marine environmental legislation; and

+ Status of manne environmental management,

The Frofile focuses on the analvsis of marine environmental quality and adequacies of
institutional arrangements, e.g., organizational structures, functions, and activities in coastal
management; existing lesislation and enforcement of enwvironmental laws and regulations;
and mputs and sources of marine envirommental fund. In short, the FProfife depicts the
management issues of the Xiamen coastal resources and enviromment, their causes, prionities,
and consequences, in order to provide a scienlific basis tor developing a stratezic management
plan and other demonstration activities.

The data used were taken from studies made since the late 1980s, as well as some of the
latest socioeconomic data. Over the past 20 years, research institutes and universities have
carried out many investizations and studies on the Xianen coastal and manne environment
and ecology, Government agencies for environmental protection and marine manazement
organized and implemented some manne environmental programs during the past 10 years.
Information from these programs was used in the frofife

The Frofife represents a concise and illustrative introduction, and a synthesis of the
existing studies on the features of coastal and marine environment, resources, and
management, However, in its preparation, there had been few historical data about
environmental management, Accordingly, additional efforts have been made in data gathering
through interviews, discussions, and meetings.

The Profife was written by the Integrated Task Team of the XDP, including Professor
Guo Yunmou for Chapter 1; the late professor Wu Yuduan for Chapter 2; Mr. Lin Wei for
Chapter 3; Mr. Gu Deyu for the Preface, Summary, Chapter 4, Conclusions and
Recommendations; Dr. Xie Haisheng for Chapter 5; Mr. Zhao Deming for Chapter 6; and Mr.
Lin Hanzhong for Chapter 7. The whole draft was integrated by Mr. Gu Deyu.
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These authors come from vanrious scientific research and educational institutions, and
relevant municipal governmental agencies for planning, land use, environmental protection,
and marine management. The first draft of the Frofile was revised according to the
recommendations of the concerned governmental agencies and experts. The multi-disciplinaty
and cross-agency approaches have facilitated data collection, analysis, and summary of
experiences relating to coastal and marine environment and, thus, increased the objectivity,
completeness, and credilulity of the information contained in the Profilk

The Integrated Task Team sincerely acknowledges the various research instituions,
universities, and government agencies for providing the data and information, although their
respective names are not listed herein. Special thanks also go to the Regional Programme
Manager of the MPP-EAS, Dr. Chua Thia-Eng, and lus staff for their policy guidance, technical
advice, and substantial efforts in information validation, refinement, and editing.

The Frofife was developed under the financial support from the MPP-EAS and the Xiamen
Municipal Government. Contributions in kind were made by the Xiamen Municipal Flanning
Commission, Environmental Protection Agency, Land Planning Azency, Marine Management
Division, Xiamen University, Third Institute of Oceanography, and Fujian Institute of
Qeeanceraphy.

The Integrated Task Team of the
Xiamen Demonstration Project
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Summary

This book covers the characteristics of the ecosystem, socioeconomic development and
the changes in environmental quality of the coastal and marine areas in the Xiamen
Demonstration Site (XDS). Related management problems are also analyzed and solutions
suggested.

The XDS is located at the southern coast of the Fujian Province in the People’s Republic
of China. Its area is limited to the boundary of Xiamen Municipality’s administrative
jurisdiction, excluding the adjacent Jiulongjiang River, although it has impacts on the project
area.

Xiamen has a history of over 1,000 years that dates back to the Song Dynasty. It has
always been an important trading port in the southeastern coast of China. It has a population
of 1.17 million, 47 percent of which live in urban areas. Xiamen Municipality has a total
land area of 1,516 km?, with Xiamen Island proper in the center, occupying a land area of
128.78 km?, characterized mainly by hillocks composed of granite and volcanic rocks. The
topography of Tong’an County and the districts of Xinglin and Jimei changes from low
mountains and hillocks to coastal plains as one moves from west-northwest to east-southeast
directions.

Ecosystem Features and Their Changes

The bathymetry of Xiamen’s coastal waters ranges from 10 to 30 m with a surface area
of 334 km®. Its coastal waters are divided into several areas, namely: the West Harbor, Maluan
Bay, Tong’an Bay, Jiulongjiang River Estuary, the Outer Harbor and the Eastern Channel.
There is a 184-km long winding shoreline in XDS composed of rocky and sandy coasts,
scarps and mud flats.

Jiulongjiang River is the major river influencing XDS. It flows into the sea with a runoff
of 1.19x 10" m® per annum, carrying 2.69 x 10° tons per annum of sand into the sea. The
Xigi and Dongqi rivers in Tong’an County are the biggest in the region. The other rivers in
XDS are small with low runoff.

Located at the south subtropic zone, XDS has crimson red and saline coastal soils. There
are eight major soil groups which are of medium to low soil fertility. The present vegetations
are secondary and artificial covering only about 28 percent of the total land area. Having a
minimal forest cover, XDS§’s green area per capita is low at 7.57 m®.

Due to subtropical oceanic climate, Xiamen has warm weather year-round, with an
annual average air temperature of 20.9°C and precipitation of 1,143 mm concentrated
during spring and summer. The annual evaporation reaches 1,910 mm. Northeast monsoon
prevails from early autumn to early spring, while southeast monsoon prevails in spring and
summer with an average wind speed that is weaker than in the northeast monsoon.

Xiamen has a normal diurnal tide with high tide averaging 4 m. The tidal current varies
greatly at different areas and can reach up to 60-90 cm/s at deep navigation channels. The
residual current is usually weak, with a magnitude of about 10 cm/s at the estuary.

Natural disturbances are relatively severe in the XDS where tropical storms and storm
surges prevail. Typhoons or tropical storms usually visit Xiamen 5.44 times a year. In the
past, Xiamen was disturbed by earthquakes occurring from the adjacent region.
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In terms of spatial extent, Xiamen’s coastal waters are relatively wide compared to its
limited land area. Coastal erosion has become serious in recent years. Its freshwater resource
is not rich; and its marine fisheries and resources have been nearly exhausted.

Before the 1980s, real estate and economic developments in Xiamen were concentrated
only in the Xiamen Island proper and Xinglin District. However, toward the end of that period,
Xinglin, Jimei and Haicang began to develop rapidly. Since then, Xiamen’s socioeconomic
development as a region has been very rapid. This has been manifested by major port
constructions in the West Harbor and large-scale development of mariculture. Yet, these
have resulted into a rapid increase in waste discharges, thus, posing a threat to the
environmental quality of the West Harbor.

In due time, the environmental quality of the Xiamen coastal waters will gradually
deteriorate in several areas, especially in Maluan Bay. This has become seriously polluted due
to waste discharges from industrial and agricultural production and household and
mariculture activities. Other coastal areas show organic pollution. Also seriously polluted
are the waters surrounding the Baozhuyu Island which lies north of the West Harbor.
Comparatively speaking, the environmental quality of Tong’an Bay is the best among all of
Xiamen’s coastal waters.

Organic wastes and nutrients are the major pollutants entering Xiamen'’s coastal waters.
Thus, the main problem is organic pollution. In the West Harbor, the chemical oxygen demand
(COD) content has significantly increased since 1982. Inorganic nitrogen concentration has
also increased to some extent. Bacterial pollution is also a problem because domestic sewage
1s mixed with other waste waters before being discharged to the coastal waters as a result of
the inadequacy of urban effluent treatment and management.

Except for Tong’an Bay, the concentration of fecal coliform in Xiamen’s coastal waters
has exceeded the National Seawater Standard. Eutrophication in its coastal waters is at a
medium level, which may be characterized by a relatively high concentration of inorganic
nitrogen and relatively low phosphate. However, several instances of red tide outbreaks
occurred in the past.

Xiamen'’s subtropical coastal waters provide important habitats for various marine species
with relatively high primary productivity (167 mg/m>d). Preliminary statistics have recorded
2,369 marine species, which are mostly eurythermal, including 181 for phytoplankton, 192
for zooplankton, 248 for nekton and 731 for benthos.

After a period of rapid economic development, Xiamen’s marine ecosystem experienced
distinct changes. The reclamation of coastal beaches and the construction of causeways reduced
and segmented its coastal water area. These have resulted into enclosed or semi-enclosed
water bodies such as the West Harbor, Xinglin Bay, Maluan Bay, Dayu Bay and Yuan Dang
Lake. The population of Chaefoceros, which was formerly abundant in the area, had decreased
by 50 percent from 1954 to 1980 because of environmental change. In Yuan Dang Lake, the
big reduction in marine species population points to serious pollution and the impacts of
reclamation undertaken in the early 1970s. The environmental quality of Yuan Dang Lake
significantly improved after comprehensive mitigation measures were taken. However, a new
sign of contamination has been observed.

Admittedly, there are serious conflicts regarding the use of coastal lands and waters.
This is especially the case in West Harbor where port construction, mariculture activities,
urban construction, tourism and marine environmental protection contentiuosly vie for
priority attention.

XVi



Management Issues and Constraints

Ideally, the legal framework for marine environment protection and management requires
complementing policy support from the national, provincial and municipal levels.

In Xiamen, the absence of necessary legislations and the inadequacy of technical support
hamper marine environment protection and management. Some existing local regulations
and national laws and legislations need modifications and updating. Compliance with
environmental laws is low and can be attributed to weak enforcement.

There are twelve government agencies directly involved in marine development and
management operating at the central, provincial and local levels. Their overlapping functions
cause confusion in the implementation of government programs and policies relating to marine
pollution control and management. This is a situation that needs an effective mechanism that
will facilitate coordination among these agencies and institutions.

In terms of financial support from the government, about 0.8 percent of Xiamen's Gross
Domestic Product (GDP) is devoted to environmental protection and management programs
and projects.

Infrastructure support for waste minimization and management is inadequate, with
only the Yuan Dang Lake Sewage Treatment Plant in operation. As for oil and chemical spills,
there is no master plan or technical capability to contain their occurrence.

The government's campaign on environmental awareness and education is commendable,
but there is still a need to broaden its scope and implement it vigorously.

Information Uncertainties

There is an abundance of data on marine hydrology and biology. However, the database
for comprehensive management, control and prevention of marine pollution remains
inadequate due to the following reasons:

« The study scope is quite limited;

« Pollution sources are not well-studied;

« There are insufficient scientific studies on some critical marine pollution problens
and environmental management issues;

* The analysis of a long-term systematic monitoring of changes in marine ecosystem
and environmental quality is incomplete;

 Cross-sectoral marine environimental information system 1s lacking; and

 Data are kept by different institutions, thus access is inconvenient and difficult.

Future Directions

In Xiamen, the increase in human activities due to population growth and the unrelenting
economic activities spurred by economic growth have caused significant increases in waste
discharges, gaseous emissions and other pollutants.

For the next ten years, economic growth will largely occur on lands surrounding the
West Harbor. Thus, it would possibly face serious pollution problems if no adequate pollution
control and management measures are adopted. Wastewater treatment infrastructures remain
inadequate. Whether they could keep pace with the increasing rate of waste discharges is
indeed the question. With this situation, the future environmental quality of the West Harbor
will be at stake and thus needs immediate attention.
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Management of Marine Follution in the East Asian Seas
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National Environmental Protection Agency

Newly Industrialized Country
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Fen Min Bi
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South

Southeast

Special Economic Zone

South southeast

Twenty-foot equivalent units

Total inorganic nitrozen

Tajiao Marine Dumping Site

United Nations Conference on Environment and Developiment
Niamen Association of Environmental Prolection Science
Xiamen Demonstration Project

Xiamen Demonstration Site



Chapter 1:

PHysicaL ENDOWMENTS anND THEIR
RELaTiON TO DEVELOPMENT

EXTENT AND BOUNDARY OF THE
X1aMEN DEMONSTRATION SITE

Xiamen is located at the southern part
of Fujian Province of the Feople’s Republic of
China and west of Taiwan Strait (see Fyure
1. 1) Tt is composed of Xiamen [sland proper,
Gulangyu Islet, and the coastal part of the
northern bank of Jiulongjiang River and
southwest of Xiamen Island.

The Xiamen Municipality consists of six
districts and one county, namely: Kaiyuan,
Siming, Gulangyu, Huli, Jimei and Xinglin
Districts, and Tongan County.

The total length of the coastline is 154.54
km characterized by cliff, rocky, sandy and
silt-mud shores. Xiamen Municipality has a
total area of 1,516 kan  with I(i:tmer.% lsland
proper having an area of 128.78 km .

The Xiamen Demonstration Site (XDS)
covers the waters on the southern coast of
Fujian extending west of Taiwan Strait, The
site's coastline is 57 km long from north to
south and 68 lan wide from east to west, For

Figure 1.1. Geographical location of Xiamen
Municipality

PEOPLE'S REFUBLIC
OF CHINA,
Shanghat

environmental considerations and
manageahility, the existing administrative

Demonstration Site

Figure 1.2. Geographical boundaries of the Xiamen

boundary of the Xiamen
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the administrative regions of
Xiamen Municipality (soe
fleure 1.2).

The coastal waters of
XDS include the Jiulongjiang
River Estuary; the West

'x.z'; Harbor, Maluan Bay and
Xinglin Bay; the OQuter

M Harbor; Tong'an Bay,
DAJINMEN consisting of Xunjiang in the

south and Dongzhuizang in
the north; the Eastern
Channel to Xiaren Island,
and the northern part of the
Northern Channel to Jinumen
Island. Following Xiamen’s

Ve

administrative jurisdiction,

1
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the XDS boundaries lie in Qingjiao, Haicang
at the Jiulongjians River Estuary in the west,
and at the central line between Jivu Island
and Dashiken of Longhai City in the south.

s boundary at the Eastern Channel is
the central line of Jinmen-Xiamen coasial
waters, extending about 3-5 km.

The XDS includes the islands of Xiamen,
Gulanzyu, Dadeng, Xiaodeng, Tong an
County, extending 32 ki northward, Jimei
district, extending 23 lm westward, and
Xinglin District. The XDS boundary at
Yunding Hill of Tong'an County in the north
up to Dinedingwei [Tl of Jimei Disirict in
the west corresponds to watershed areas,

In general. the area coverage of XIS,
excluding the Jiulongjiang River, includes the
basing thal deain into Xixmen's coastal waters,
Howuever, the part of Jiulongjiang River which
extends 300 km inland outside the boundary
of Xiamen Municipality still has some impacts
on the XDS.

lmpacts from neighboring regions ancd
adjacent coastal waters take the form of
pollutants carried by Jiulongnang River; mud
and sand produced by the reclamalion of
coastal waters and beaches of Zhongyin
Development Park al the southern coast of
Jiudongjiang River Estuary; and water quality
bring exchanged around Jinmen Island at the
entrance of Xiamen Bay,

GEOGRAPHY

Geomorphology — The hilly Xiamen Island,
the major land body of Xiamen Municipality,
is of izneous origin consisting of granite and
volcanic rocks.

The island is characterized by narrow and
short plains dotted by low hills that converge
toward the center of the island. However, the
land areas in the northwest are surrounded lry
mowtains on three sides, with plains and low
mounds scatlered around them.

The Gaogi-Jimei Causeway constructed
northwest of Xiamen Island in 1956 and the
Niamen bridze built in 1991 had lurned the
island into an artificial peninsula,

Yuan Dang Lake, located west of Xiamen
Island, was originally an inner bay wedged
into the island’s land mass before it became
an artificial lake when a causeway was
constructed in 1971,

There are 29 small islands and 58 ledees
in the coastal waters around Xiamen Island.
Huoshaoyu Island, Datuyu Island, Dayu
Island and Jiyu Island in the south are fopres
(small hills) made of voleanic rocks.
Baoczhuyu Island in the northwest and Eyuyu
Island and Dalimuyu Island in the north are
also dapyes made of sranile,

Gulangyu [sland in the south, which is
separated from Xiamen Island by a 500 m
wide channel, has an undulating terrain
where earthen hummock and granite are
widely distributed. Longtoustian (“mountain
like the head of a dragon™) or Sunlight Rock,
Gulanzyu's highest location, is 92.7 m above
sea level,

Ninglin Bay and Maluan Bay, located
northwest of Xiamen Municipality, combine
with the Jiulongjiang River Estuary in the
south torming the three small peninsulas of
Jimei, Xinglin and Haicang,

Tong'an County, located north of
Samen Municipality and across Tong'an Bay,
taces the bay but bounded by mountains at
the interior. Dongzhuigang of Tong’an Bay
cuts into its southeast coastal land. Situaled
in the east are three islets namely, Dadeng,
Niaedeng and Jinoyu.

The county’s toposraphy chanzes in a
northwest to southeast divection. The
mountaimns i the east, west and north form
the boundary between Xiamen Municipality
and Quanzhou City, The mountains in the
north are relatively higher than those in the
seuthwest and the east where hills gradually
become terraces to catsteps to coastal plains.,

Xiamen Bay is a complex bay composed
of Teng'an Bay, West Harbor, Jiulongjiang
River Estuary, Eastern Channel and the Quter
Harbor @Sec fieure 7.3)

Hrnre 1.3 shows the location of Maluan
Bav. It is separated from the West Harbor by
a 1,685 m long Maluan causeway built in
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Legend:

1- Tong'an Bay (TB)

2 - Wast Harbar [WH]

3 - Kinglin Bay [XB)

4 - Maluan Bay (MB)

4 - Yuan Oang Lake (Y1)

6 - Jiutangfian River Esfuary
7 - Quter Harbor (OH)

f - Eastern Channel (EC)

Source: State Ceeanic
Administralion et al, [1989)

1960, Hs waler surlace area was reduced
from 17 km’ to 9 km’ at the completion of
the causeway, and further to about 7 km al
present, The bay has a maximum depth of
[1 m and a minimum of 5 m. There is a
flocd gate wilh 7 holes and 4 slulce gales at
the northern end of the causeway bul the
latter ave closed most of the time, Nine
streams entering Maluan Bay originate from
the northwest hilly areas. The total drainage
area is 123 k', providing an average runoff
of 1.04-10°m’ in a rainy year, 0.85-10"m’
in an average year, and 0.37-10"m’ in a dry
year.

West Harbor is the central port of
Niamen, Before the Gaegi-Jimel Causeway
was constructed in 1956, West Harbor and
Tong'an Bay used to be one water body.
After the causeway was built, the West
Harbor has become a semi-enclosed bay, with
an entrance in the south where it combines
with the Jinlongnang Faver Estuary as they
flow into the Outer Harbor

Water channels of more than 10 m in
depth are found in Dongdu south of
Shihushan, Song-Gu and Xia-Gu and they
follow a south-north or southwest-northeast
direction. Dongdu Channel can be as deep
as 30 m in some parts. Silty mud tlats have
formed on both sides of the channel.

The waters east of Dalimuyu Island are
10-15 m deep with shallow areas in the west

around mud flats. The Dongzhuigang has sandy
sediment north of Eyuyu Island and sandy and
silt-mud in the south fsee Feure 1.4),

NMinglin watcrs in north West Harbor and
Houyu walers in the south are wide water
bodies. For the past 30 to 40 years, tidal
influxes have zreatly reduced due to the
construction of causeways and berths and
lavge-seale reclamation of Maluan Bay,
Xinzlin Bay, Dongyu Bay and Yuan Dang
Lake, leading to different levels of scouring
or siltation. Some shallow waters and
channels are heavily silted fsee Figure 1.5

Jiulongjiang River Estuary is al the front
edge of an underwater delta. The estuary,
which connects the Jiulongjiang River to the
sed, lapers from the middle toward its moulth.
In the middle lies an underwaler shoal around
Jivu Island. Near the estuary’s south and
north banks ave found deep water channels
with an average depth of more than 10 m.
Sediment patierns such as mecdium-coarse
sand, fine sand, muddy silt and silty mud vary
from west 1o east,

The Eastern Channel and the Outer
Harbor connect the Tong™an Bay, the Wesl
Harbor and Jivlongjiang River Estuary to the
Taiwan Strait, The Eastern Channel is bounded
by Xiaojinmen Island, Dada Island and Xiamoen
Tsland. s water depth is often deepey than 10
m. However, there is a shallow portion with
less than 2 m depth between Dada Island and



THE COASTAL ENVIRCMMENTAL PROFILE OF XIAMEN

Jﬂ:ﬂlﬁ_ 11875 |
bt T ™1 T -
35! i }ﬁr.gl_"n_'__._!l Jimiel s e L Tong'an -, «'I-I-
__.! \ R i ; L]
S SR Eaal =
; L P !
Legend: A Gl
GS - gravelly sand \m\- : i
MCS- medium-coarse g
sand | / | ]
& - sand i o R o Y
o T T,
¥S - clayay sand ¢ x ___'_-:‘ff' 7 Mes
STY - sand-silt-clay e H-:tIL,'II'IgL,I 1 _,'. -'
TY - sty clay T S -'"'T|,_ \\‘ ’/.« £y
B T (e
24 .STY*-: F - YT e 5 z../ r.\‘-l i ‘;-.,'_I‘\":.
. 25 7 W A
Source: State Oceanic — ; RS +
Administration at al. (1989)
Figure 1.5. Drainage areas of dCha::IL;, ;:;h]]{:; has z:dmuumulrn walct:
xlamn Munlcipa"t}' r)E-Ep 1:? _‘ = m .:“1 ‘3. maxamum ot
i : 26 m is the navigational entry to
. Xamen Port.
ot |I -\‘--\ e ::;\-.
s, 4 - Ak “-—:z{_)‘.,\ - Drainage — The main streams in the
R T *.H.:*? N S p) 5 Jimei and Xinglin districts are Hougi,
[ | Vo " ; ) L i :
I“il._.‘-\_)_\-\h;:l\x . 7 # g Shenqginggi and Guoyungi. Hougi
AT q:; ¢ D"“f"”‘ ; flows into Xinglin Bay while the latter
L ;}ﬁﬁfﬂ H«JF" fi -0 |5 two into Maluan Bay.
' b i, % i e i i '
WL YW c?{ | ,H:f, L;]'- The main rivers in Tong’an
=7 Houxl .F\L\ v/ e o {‘ r,,‘ = County are Xiql, Donzgi, Guanxungi
‘?q?‘%, f““‘(‘ L\LJ‘P <G and Litougi and they enter into the
e nk-ﬁq} Ry e coastal waters separately. Donggi and
8 ] _>( 4 ! Ny Nigi are the largest vivers in Xiamen.
i e ) (Miamen lefand r ) “,_1*!:“_‘ (. R :
“*\xw%}#ﬂ D ,L J"“f"fff:j Tl:lL fmlxr nv.::ma.eunportax_ﬂ sources
= . ZIT L p of sediments for Dongzhuigans and
b = - P i
i _f " ¥ Xunjiang of Tong’an Bay.
2 L'E:‘U' However, it is the Jiulongjiang
R + Naro thin & " T River that significantly affects Xiamen's
{Togl'é;ju' anjing Instiule of Geography and Limnology et al. coastal waters. The river is the main
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Baishi Fortress in Xiamen Island. Its sediment
composition is mainly medium-coarse sand.
However, there is a fine sandy beach extending

5 kam long from the seaside resort in Xiamen
Universily to Baishi Fortress,

The Quter Harbor, which is bounded by
Gulangyu Island, Dada Island, Erda Island
and Qingyu Island, has an entrance facing
southeast. Its wide, flat seafloor is covered
with silty-mud sediment, Qingyu Island

4

the Quter Harbor, The movement of
suspended particles into the West Harbor is
the main cause of sillation in the West Sca
fsee Table 1.1 and Figure 1.6).

Soil — The zonal soils in Xiamen region
belong to eight zreat soil groups, 11 sail
subgroups, and 20 soil genuses, The fertility
of the farm land is medium to low (see Heure
1.7
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Table 1.1. Quantity of runoff and sand transported
' by rivers and streams into the sea

River Length | Area | Station |Yrs. | Runoff (108mYa) Sand {10%/a}
(km) (km?)
Ave, | Max. | Min.| Ave, Max. [ Min.
Xigi, Tong'an 34 494 | n.d n.d. 37| nd | nd 6.0 n.d. n.d
Jivlangjiang 285 14741 | Punan | 38 ar §1.3| 263 | 936 20 | 213
Zhendian | 38 82 | 13% | 50.7 | 176 464 | 616

MNote: Station is the place where runoff and sand conten! are chserved Yrs. are the fime durafion of dafa avaiable.

n.d. = no dala
Source: L Qingnian and Guo Yunmou [15984)

Figure 1.6. Jiulongjiang River Basin
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Limnology, China Science Academy ef al. (1983)

The soil types in Xiamen are as follows:

1. Crimson soil is found mainly in low hills
and lerraces, having an elevation of more
than 300 m above sea level, It contains
1.65 percent organic matter with about
5.7 pH and of medium fertility. It is the
major soil type for forestry, growing fruil-
bearing trees and root crops. Erosion in
some hills and terraces heavily affects
crimson soil,

2. Rice soil is found in fluvial plains and
marine deposilions or in some terraces.
Generally, it is thick and has medium Lo
hizh fertility.

3. Coastal salty soil is deposited in tidal mud flats.
It is suitable tor mud flat aquaculture when it
has a high content of organic materials,

Figure 1.7. Soil
types in Xiamen
Municipality

Legand:
3, - Crimson soi!
3, - Crimsonay soil
4, - Rica soil
€, - Rice soil (water
legaging type
& - Rice soil
{salinized typa)
13 -Weathered sandy soll
-Coastal salfy soif

3
ey

Source: Stafe Qceanic
Administrafion ef al. (1983)
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4. Red soil is found especially in hills with an
elevation of less than 300 m above sea level
in both Tonz’an County and northwest
Xiamen Island and also in forested areas. It
containg 1.81 percent organic matter and
is heavily affected by erosion.

Wind-weathered sandy soil characterized
the beaches in southeast Xigmen Island
and the coastal catsteps cast of Xiamen
port. Its ovganic material content is low,

E...'I

Vezetation — The zonal vegetation in Xigmen
15 dominated by perennial Lawrisifvie, a
typical flora in the forest ecosystem ol the
South Subtropic Zone. However, secondary
vegelations have replaced the original or old-
growth forest,

Among the existing tlora, the Royal
poincinna, masson pine and China fir grow
well and are widely distributed in hills and
terraces. On sandy beaches, oak {rees were
planted to serve as windbreakers and for
shore protection. A small number of
mangrove areas can be found in mud flats of
high and middle tidal zones. On low hills and
barren lands usually grow thin bushes, woods
and grasses (see fieure 1.8).

Rice, vezetable and (ruit-hearing plants
along with other crops such as sweet potatoes

and peanuts are widely cullivated, The fruil-
bearing fongyan treelFuphoria longan) is
commonly grown in the region.

Vezelation cover has an average of 27
percent with a large spatial variation. The
maximum is 44-49 percent and the
minimumis 0.7-18 percent (sce Hgure 1.9,

CLIMATE

Air Temperature — Xiamen has a southern
subtropical climate characterized by a long
period of high air temperature and a small
temperature variation, It has no severe winter
or mfense summer.

Its average temperature over the years
is 20.9°C. The highest average monthly
temperature is 28.4°C in July; the lowest at
12.6°C in January and February, with an
annual variation of 15.8°C and a diurnal
variation of 7.0°C. The recorded maximum
temperalure was 38,5°C and the minimum
was 2.0°C (see Hgure 1.10).

Frecipitation — The average precipitation is
1,143.5 mum. Precipitation is high in spring and
summer but low in fall and winter. The average
refative humidity is 74 percent.  Spring and
summer are humid; while autumn and winter

R e S R L Lo e =l
" 5 R
I___’J"-\.._f oy, SR
I 39 | >
//__r 4] g
Ve @ % T
4z [t { 35
g el : 25 4§d}
4 Y y
S 42 N
—’w
Source: 35 ﬁ'-fﬁ-.\ o ﬂ"-lg“l 5\\‘?
State Oceanic "fj} Cea
L 3 — o ' X | .
Administration SR 42t - @ %
gl al. (1083) = b
_ia\f -a3 A JZG
X _’f_:‘:".,_—r""-—? :
i 4

Legend:
1 - masson pine 26 - massan pine, Acacia rachli 38 - langyan
7 - Kendelia cande! : 35 - Acacia rachii 41 - paddy Feld crops
24 - Helicteres angustifolia 36 - horsetall trae 42 - dry fisld crops

6



CHAFTER 11 FHYSICAL ENDOWMENTS AND THEIR RELATION TO DEVELORMENT

Figure 1.9. Vegetation cover
of Xiamen Municipality
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are dry. The average evaporation is 1.910.4
mm, the highest of which is in summer and
autumn, and the lowest is in winter and sprivg
(see figure 1.1 11

Wind — There is a distinct seasonal change in
monsoon circulation. Wind velocity 15 hizh
during the northeast monseon that usually lasts
from September to March. Low wind velocity
prevails during the southeast monsoon which
occurs from April to August. The averaze wind
speed is 3.4 m/s and is often in the NE direction
al a frequency of 15 percent,

Hyprorocy

Water Temperature and sSalinity — The
temperature of Xiamen coastal walers ranges
from 14.2°C lo 16.2°C in February, with an
averaze of 14.8°C, and from 27.2°Ct0 28.9°C
in September, with an average of 27.8°C. The
salinity ranges from 22.91 parts per
theusand (ppt) to 31.08 ppt, with an average
of 28.69 ppl in February, and from 13.95 ppt

Figure 1.10, Monthly variation of average air temperature in Xiamen Municipality
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Figure 1.1, Monthly variation of average precipitation in Xiamen Island (1952-1980)
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to 32,40 ppt in September, with an average
of 30.06 ppl.

Tide — Xiamen's coastal waters have a
nermal semi-diurnal tide of high range, as
shown in the following table. The averaze sea

level is 0.30 m above the Huanghai Sea (sce

Taple 1.2),

Tidal currerd — Xiamen's coastal walers
have astrong bifurcated tidal current of the
semi-diurnal type, However, the direction and
velocity of the tidal current vary from place

to place due to differences in geomorphology.
The velocity usually decreases from the
entrance to the upper part of the bay, and
also from deep channel to the shore. The
narrow sections of Dongdu Channel in the
West Harbor, between Songyu and Gulangyu
islands, between Gulangyu and Xiamen
islands; the channels in the east coast of
Houyu Island, and in the north coast of Jiyu
Island; and the waters of Aulou-Wutongdao
at the entrance of Tong’an Bay have a strong
lidal current reaching a maximum of G0-90
cm/s, with a record of instant velocity above

Table 1.2. Tidal patterns

Ave. high tidal lewel 5.58 Max. tidal range 7.78
Awe, sea level 3.58 Ave tidal range 3499
Ave, low tidal level 1.89 Min. tidal range 099
Max. tidal level on record 7.78 Ave, flood duration 6 hrs. &'
Min. tidal level on record -0.06 Ave. ebbing duration 6 hrs. 10/

Source: Office of the Steering Group for Comprahensive investigation of Xiamen Island Resources . al (1984)
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100 cm/s. The recorded maximum tidal  currents in the Outer Harbor, in the estuary,

current at Dongdu Channel is 152 cm/s.
Elsewhere i the rewion, tidal currents are
below 40 cm/s. The slowesl current speed
aoccurs in the wide and shallow waters
around Baozhuyu Island in Xinglin Bay and
north of West Harbor (see Fenre 1.02),
The current velocity at flooding and
ebbing phases in the Xiamen waters varies,
Usually, waters with a strong tidal current
have an ebbing velocity faster than the
flooding tidal current, favoring a seaward
lransportation of the suspended materials or
pollutants, However, in Xiamen there is not
much difference between the flooding and
the ebbing tidal currents in weak lidal areas,
In addition, the ebbing tidal current of surface
layer in the Xiamen waters generally lasts 20-
50 minutes longzer than the tflooding current,
with a maximum time difference of 1 hour
and 50 minutes between flooding and ebbing,

Residual Current — Due to the strong etfect
of runoff by Jiulonzjiang River, the residual

and in the West Harbor are strong and often
larger than 10 em/s. On the other hand, the
residual currents near Xinglin, in the upper
part of the West Harbor, and in Tong’an Bay
are weal, The residual current direction at
Dongdu Channel is similar to that of its ebbing
tidal current. However, its direction to the
novth of Jivu Island; in the western Songvu-
Gulangzyu Channel; to the west of Huoshaoyu
Island, and off the north coast of Tong an Bay
is similar to that of the flooding tidal current,
Elsewhere, the vesicual current of the upper
laver usually flows in the ebbing direction and
of the lower laver in the flooading direction,
The residual current at the culvert of Gac-Ji
Causeway flows from the West Harbor to
Tong’an Bay at 10-40 em/s (see Figure
LA3)

Wave — Waves from Taiwan Strait strongly
influence Xiamen's offshore waters, The most
frequeni wave moves toward the east (L)
direction and the less to the east-northeast
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(ENE) direction. The strongest wave is in the
southeast (SE) direction. The maximum wave
height reaches 6.9 m, and the ratio of wind
wave to swell is 42/58, indicating a stronger
roll by the swell,

I its coastal waters, on the other hand,
the waves weaken gradually from the Quler
Harbor to the inner waters duc to the
sheltering effects of the island chain
compaosed of Dajinmen, Xiaojinmen, Dada,
Ercla, Qingvu and Wuyvi, The maximum wave
height at the east and southeast coast of
Xiamen Island, particularly in the West
Harbor, ranged at 4-5 m and as low as 1.3
i, The waves in the east and southeast coasts
of Xiamen Island contribute to the receding
of the coastlines and the formation of sandy
beaches,

In West Harbor, the wind wave that
domimates has a ratio of 89/11 wind wave
to swell. In the same place, waves are usually
weak due to short feich and have the
tollowing characteristics fsce Haures 114
and I.15):

«  prevailing wave direction — NE

+ secondary prevailing wave direction
— ENE

+  shrong wave direction — NNE and N

»  maximum wave height — 1.5 m

+ secondary strong wave direction — SSE

1.2 m
1.2m

+  maximum wave height -

+  yearly average wave height

= average period — 3.4 seconds

» frequency of 0-2 wave al sea scale —
99.6%

= seasonal variation — indistinet

+ more strong waves in summnier and
NNE ENE waves in the other three
seasons.

Miamen Bay's southeast entrance allow
the casy dominance of waves with southeast
direction. During typhoons, southward winds
and SE wind waves usually affect a large area
of Xiamen waters.

Currents of Offshore Waters — In the XDS
offshore waters, current circulation in
Taiwan Strait 15 jeintly influenced by the
Zhejiang-Fujian coastal current, the Kuroshio
branch and the South China Sea warm
current, The prevailing current direction is
the NE direction with distinetl seasonal
rarialions.

I summer (June o September), on the
one hand, the strait is influenced by the north-
east warm current of high salinity and
lemperature, which consists of the southern

arm current and Kuroshio branch entering
the strait in the south.

Figure 1.13. Seasonal

pattern of surface layer
residual and bottom layer
currents in Xiamen coastal
waters

Wi

Legend:

A - waak. ... p

B -  medium ——=p

C - madium-stiong —ep
0 - sirong | 3

E - verysirong ===

Souvrce: Third Institute of

e

Cceanography, S04 [1988)
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1.4

ka

Figure 1.14. Annual variation of waves at
1

Dongdu Station in the West Harbor
0.8
0.4
|:|2 a } ] 1 1 ! | ‘
5 e A
Jan Feb Mar Apr MayJun Jul Aug Sep Oct Now Dec
MONTHS

WAVE HEIGHT (m)
(=]

Legend: I Max. wave heigh!
Bl - Ave wave height

Source: Offica of the Steening Group for Compretiensive
Invastigation of Xiamen Isfand Resources of al. (1994)

In winter (October o May), on the other
hand, the southward Zhejiang-Fujian coastal
currenl affects all or part of the upper laver
of weslern sbrait up Lo the Xiamen Harbor
and Lishi Tslands in the south,

However, the northward Kuroshio
branch and South China Sea warm current
of NE direction affect the eastern upper layer
and both the nuddle and bottom layers. Since
XKiamen Harbor is a semi-enclosed bay, which
has a narrow mouth and a large bady,
offshore waler currents have minor intluence,

Marine NaTurar EcosysTem

Being in the sublropic zone, Xiamen
coastal waters provide important habitats for
a wide diversily of species that have scicniitic
ar economic value,

The conceniration level of chlorophyll
4 in the water column ranges from medium

Figure 1.15. Wave
rose at Dongdu
Station in the
West Harbor

Legend:

Ave. wave lengtlt 4

Max. wave length —m-

Wave direction frequency—a—
Tem=025¢cm

Tem=10%

Source: Office of the
Stearing Group far
Comprahensive
investigation of Xiamen
{siand Resourcas ef al.

{1934)
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CHLOROPHYLL a

0

Figure 1.16. Monthly
variation of chlorophyll a
in Xiamen coastal waters

MONTHS

Jan Feb Mar Apr May Jun Jul Aug Sep Oc! Nov Dec

Saurce: Chen of al, (1993)

to high with an annual average of 4.6 mg/
m’, The primary productivity is 167 mgC/
m’, There is a distinet monthly variation of
chlorophyll 4 concentration, with the
maximum varialion in spring and the
minimum in winter equivalent to an eighl-
lald difference (see Migure 1,160,

There is also a clear spatial variation of
chlorophyll 4. The concentration of
chlorophyll ain Tong'an Bay is high all year-
round, indicating an active primary
production (see Fgure 1.17).

Studies done by various agencies showed
(see Table 1.3 that there are 181 species of
phytoplankion, 192 species of zooplankton, 248

species of nekton, 731 species of benthos, and
B17 interticdal zone species. (The names of the
dominani species are listed in Annex 1).

These different groups of marine specics
have significant spatial and temporal
variations (see Feurcs 118 - 1.23). Studies
from 1991 to 1992 show a record of 150
specics of fish, 127 species of cruslaceans and
59 species of algae.

However, accounts show that Sonsa
clunensis, Franciuostome belehory (lancelel),
and egret are becoming rare and endangered
in Xiamen coastal waters as indicated by a
serious reduction in their numbers i the past
40 years,

Table 1.3. Numbers of marine species in Xiamen coastal waters
__ Phytoplankton Zooplankton Nekton Benthos
Group No. Group No. Group No. Group Ne.
Bacillanophyta 164 | Medusa 75 | Fish 157 | Polychaeta 248
Pyrraphyta 16 | Copepoda 73 | Shrimp 42 | Crustacea 175 |
Cyanophyla 1 | Ostracoda 3 | Crah 32 | Mollusca 146
Decapoda 4 | Squid 4 | Echinodermata | 43
Amphipoda 1 | Cephalopoda 13 | Demersal fish 84
Mysidacea i Others 35
Euphausiacea 1
- Chaetognatha 11 |
Tunicata 5
Others” 11
Total 181 192 248 731
Legend: "= including farval plankton and ichthyorankian
Source: Data of planklon and benthas are from the Third Institute of Oceanography, S04 {1858).
Data af nekton are from the Office of Stearing Group for Comprehensive Investigation af Xiamen lsland
Resources ef a, [1994)
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Figure 1.17. Spatial variation of

chlorophyll a in Xiamen coastal waters

Naturar Hazarps

Earthquake — The XDS is situated

in the middle of the Quanzhou-

Shantou fault zone, the most active
fault zone in the southeast coast of
China. Seismic movement is strong
in the east, south and norith zones,
but weak in the west and middle
zones, Xamen Island appears being
wedzed by these two active faulls.
Historical records show that
earthquakes stronger than intensity
7 on the Richier scale have oceurred
in the eastern part of Taiwan Strait
causing some damages in Xiamen

(see Table 1.4). Medium to strong
carthquakes with a magnitude of
about 6 can occur in the
Quanzhou-Shantou active fault
zone in the next 100 years and may
cause extensive damages in the
urban areas of Xiamen (see Fieures
1.25 - 1.26).

Tropical Storm — It is considered
as the most hazardous weather
disturbance in Xiamen, According

Lagand:

@ <25 mg/im’ @ 2.5- 5.0 mpim!

Source; Chen el al. (1953)

@51.75 mpin?
@76 100mpny @101-150mgm @151-200 g

to statistics, an average of 5.4
tropical storms affect Xiamen
region every year fsee Table 1.5).
Tropical storms usually occur in
July, August (it has the most number
of storms) and September. Storms
that pass Xiamen and Guangdong

S1x mangrove species grow in Xiamen:
Kandelia candel, Avicennia marina, Acgiceras
comiculatum, Acanthus Hicifolius, A.
chracteatus and Excoecaria agallocha,
However, their quantities have greatly
decreased. Presently, they are found mainly
in the west shallow flats of Haimen Island, in
the estuary and high tidal zone north of
Caobotou and in Fugong Town of Longhai
City, outside of Xiamen Municipality. Within
the XDS, mangroves are found in small
nwmbers in Haicang, Dongyu and west of Jiyu
Island (see Fgure 1.24).

coasts and then inland to Fujian
Province are the strongest. During typhoons,
the larzest wind force period can reach 8
and above on the wind scale with a maximum
instant wind speed of 60 m/s (e.g., No, 590
Typhoon), and the average rainfall of 100 mm
canreach a maximum of 510 mm (No. 9009
Typhoon).

Storm Surges — In Xiamen, storm surges,
which are caused mainly by typhoons, usually
occur in summer and autumn, During sunges,
water level may increase by an average of 50
cm. Its amplitude is from 1.50 to 2.00 m, with

13



THE COASTAL ENVIRONMENTAL PROFILE OF XIAMEN

Table 1.4. Major earthquakes near Xiamen
Year ~ Epleenter Magnitude Eplcanter Influence
distanca (km) Intenalty
1 1105 fhangzhou g5 36 alx-gavan
2 1445 Zhangzhou fi 41 alk
3 1600 dangzhou 7 13 &lx
4 1604 offshore Quanzhou B 163 gevan-alght
5 1506 ofishore JInmen 6.1 56 5l
& 1918 Man'ag 7. 133 savan
7 1686 Huatian, Talwan 76 fve
Source: Ya Qing (1952)

Table 1.5. Frequency of tropical storms in Xiamen (1852-1930)
Manth 5 6 7 8 g 10 11 Total Ave.
nus. || typhoan ] 12 3 33 38 0 G| 136
slomm 1 i 16 19 5 2 0 48 | 184 48
L | typhoon ] 1 5 | L] 1 Q 24
storm 1] ] 1 0 ] ] 0 1 25| 0.5
% | 4 a 26 28 23 7 k! 100
L 1] 4] 24 3] 32 q EI 100
Source: Office of Steering Group for Comprahensive Investigation of Xiamen lsland Resource ef &, {1984
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Figure 1.18.
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Figure 1,25. Location of seismic activities
near Xiamen Municipality
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Source: Ye Qing (1992

a maximum usually at 1.80 m. In addition,
the maximum level relative to high tide can
reach 1.31 m.

Storm surges are often accompanied by
rising tides and waves, exceeding the
allowable level and thereby causing seawater
flooding. In the past, Xiamen had been hit
by such type of flooding notably in 1603 (9
September), 1721, 1917 (26 July) and 1959
(23 August), resulting in heavy losses in terms
of lives and properties.

Drought — Rainfall in Niamen is minimal;
while freshwater sources are insufficient.
Drought usually occurs in summer when
rainfall is at most minimal. The average inter-
annual frequency of drought occurrence is
79 percent for summer, 63 percent for spring,
and 55 percent each for autumn and winter.

18

Other weather conditions such as zales
and low temperatures may also bring some
adverse impacts on the economy and society as
a whole. While rains are a boon 1o agriculture,
they also help aggravate marine pollution as
heavy rains can carry a large amount of
pollutants from urban surroundings via canals
or sewers direetly to coastal waters,

Beach Erosion — Coastal erosion in Xiamen
15 also a major cause for concern. About half
of its shorelines have been eroded or receded
at different rates,

An example of serious erosion has
occurred at the cliff shore section of the north
and northeast coasts of Xiamen Island,
corresponding to a length of around 19 km
from Gaogi to Hechuo, This section has been
under constant pressure from sirong
northeast winds and waves.

Also, a 3-lam long coast from Yinchuo to
Acguan (west of the West Harbor) and a 2-km
long shoreline (west of Tong’an Bay) have been
seriously eroded. The erosion rates of these
shorelines range from 1 to 2 m per year and
can reach 2-3 m per year in some places, ¢.x.,
the Tapu-Huangchuo span in Xiamen Island.

Another example of major erosion
cocurred on the sandy shores in the east and
soulheast coasts of Xiamen Island and
affected a 16-km long shoreline stretching
from Hechuo to Xiamen University, But the
most visible proof of coastal erosion appears
on the shores of Zenchuo'an and at the
seaside resort of Xiamen University, From
June 1991 to July 1992, the beaches of
Xiamen University were eroded at 32.5-63.1
cm. The high and medium tidal beaches of
Zengchuo'an were eroded by an averagze of
50 em. Aside from wave action, other major
causes of erosion in Xiamen shores are sand
gquarrying and poorly planned construction
projects (see Heure 1.27).

Coastal erosion has caused damages on
infrastructure (e.g., roads, causeway, bridges,
uncerwater cables and houses), large-scale
soil and field erosions, accelerated port
siltation, farm land flooding and the reduction
of environmenial integrity.
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Figure 1.26. Map of fault
systems in Xiamen
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— Source: Ye Qing (1992)
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Chapter 2:

MarINE NaTuraL RESOURCES
aND THEIR DEVELOPMENT

Xiamen marine environmenl and
resources can be classified into several types.
These are based on their economic uses and
purposes as largely dictated upon by their
individual characteristics, fable 2.1 shows
their basic characteristics and status of
development.

Maring BroLocical RESOURCES
AnD THEIR DEVELOPMENT

Being rich in fish and other aqualic
resources, fishing and mariculture are the two
major sources of income in Xiamen's coastal
aveas fsee Heure 2,14

In the 19805, marine fish preduction
grew steadily. In fact, the 20,388-ton fish
production in 1931 was doubled to 41,1893
fons in 1989, In the early 19903, however, it
lemporarily declined to about 40,000 tons per
vear, In 1993, it bounced back to a high of
42 229 tons as the combined production of
10,531 fisherfolk and workers using 2,663
fishing boats,

The breakdown for the total muonber of
fishing boals used in 1993 is as follows: 27
enclosure net beals, 162 angling nel boats,
262 trawlers, 784 sct net boats, 1,172 drift
net boats and 436 paddle-driven boats (lesser
compared to the 779 in 1990). In zeneral,
marine fishing and mariculture production
show an increasing trend (see Table 2.1).

The improvement in the number of fish
sloraze facilities was minimal, In 1993, only
one storage facility was added lo the 21
already existing in 1992 with 1,101 total
workers but the resulting total number of
workers was less al 1,093,

Fish processing, on the other hand,
experienced a significant improvement, In
1993, another processing plant with 103
workers capable of producing 1,438 fons of
processed fish producls was established
adding to the two processing plants with 553
workers and 5,265-ton production built in
1992, For aquaculture, the production of
feeds for fish greatly decreased from 20,000
tons in 1990 toonly 251 tons in 1993,

- Table 2.1. Summary of Xiamen's marine natural resources
Type Basic characteristics/use Development status
Harbaor 27.4 km shoreline, deep water, over 40 berths handling capacity of
of 10,000-50,000 tonnage: 72 km shoreline, 11.4 million tans In 1994
medium-shallow water, over 30 middie-small berths;
tatal handing capacity can be 5-8 millian tons
Tourism 10 types, 26 subtypes, 79 spots including seaside, | 8.5 million tourists in 1992
famous mountain, historical spots
Area 798 km® coastal zone, 137 km* tidal flat
Marine 432 economic species, 127 km tidal flat and maricullure occupied
resources shallow waters for mariculture 75 km?in 1992
: nE o .72 milhon tons salt
Brine salt pond of 0.257 million areas produced in 1992
Tidal energy potential capacity of 1.1 million kw untap
Seawater as coolant, sanitary use not planned
Source: Office of the Steenng Graup for Comprahensive Invastigation of Xiamen (sland Rasaurces of al. (7884)
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Figure 2.1. Marine fishing and

mariculture in 1990-1984

=
Q 1
— 4278
g 5 A1 51
=
o
'.-
(5]
=
[=]
[
v
A 3

1990 1991 1ga2 1983 1064

YEAR

Source:  Kiamen Statistics Yearbooks, 19597-1664,

while marviculiure arcas expanded rapidly,
production did not increase proporfionally,
Mariculture already covered aboul GO
percent of the desighated culture areas (see
Fgures 2.2 and 2.3).

In addition to harvesting fresh marine

products tor tood, pharmaceutical and health
products derived from marine sources have
also been explored and developed, For
example, pharmaceutical products derived
from China horsecrab have been produced
and marketed,

Figure 2.2, Distribution of mariculture areas
in West Harbor

Fish for consumpidion and processing are
caughit mainly from Xiamen's offshore waters,
It1 1986, fishine activitics within the XDS
coastal waters provided 1,300 tons of marine
products and 10 lons of eel fiy. The major
fish catch consists of juveniles and fingerlings
in winter and spring, and small trash fish,
shrimps and cephalopods in suhmer and
autumn. Fishing relies larzely on set net.
drifting zill net and post nel methods as
angling is being less resorled to.

Mariculture development gained  ils
momenturm from the Tate 198308 towanrd the
carly 1990s, As o result of increased attention
given to mariculture as a viable economic
activity, production increased from 1988 to
1992 by aboul threefold (see Tabfes 2.2 and
2.5). However, Tables 2.2 mied 2.5 show that
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Table 2.2. Status of mariculture in Xiamen Municipality

Tidal areas {mu*) Labor force in mariculture Production status
Total aren Extent Spe- Yol [ Oulput | Output | Ratio of
Location | Total | suillable for| of use cial- | Others| Total | popu- |tonda tonfal | manculture
mariculture ized lation persan | lofishing
area | %
Xaamen
Island 160 | 1670 1,820 0.5 2669 147
Xinglin | 271,685 59,852 | 40169|G7.1 Br9 [ 1,772 | 2651 | 46 4526 1.73
Jimei 4G4 | 1,188 16321 1.1 3212 187 0.6a2
Tong'an | 214, 883] 129,704 | 65500]50.0( 7623 10020 | 17943 | 3.6 |13.605 076
Legend: *15mu =1 hectars
Naote: Data for Xiaman lsland include Guiangy
Source: Centarof Enwimnmental Soiance Study (1992)
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Table 2.3. Mariculture production in 1988-1992
1988 1689 1990 1991 1992
Species |Area | p |kglu|Area | p | kgu | Aea | p [kgu | Ama poolkgiu| Aea | p | kglu
r 155 108l 982 2190 2705 98| 285 2600 1046 2620 ZEAT| 1003 4086 3280 an
| B3RS 320 75 5583 A5WG| 973 H605( 5183 109 62960 60241029 7508 6540 A
b A0 H0) 300 | 10 2 > 9% 3 20 o 2] X0 800
Shalfichi o | 17670 2649 150) 55709 8440 188 Sdf| 9187 165 G193 05006) 158 GOGIE O 152
m 120 120 10 150 185 1,100 280 4701 1.2 S 150 2790
f 2,000 W1
m 17 5
a ] 5 a0 1,000 i 0] 2000 1 10 1000 110 165 1,550
I BOl 13| 163|533 B34 120 5470 632 1% 6,120 Adf 133 9000 1,200 134
Fish 1477 62 43 123 104 & 155 ] 7T 1,445 00 68 15 181 1m
Sova W) G s 15 6 417 168 63 AT i) 96 At Al 157 el
Prawa G547| G700} 500 330F 128| 25385 3MI| 1 XN 412 1%
Tota a6 314) 7,162 56,553 19,770 07334 M.667 108,758 24412 113,571) 25 562
Leged: ¢ = o cam o= sk
i = Fudiaoes phipnanm a = Al
f = b el 5 = sElane
o = ol o=
im = sy poo= peockesion (ki
kit E Kalooram por Uit
Fist s ook, eodd, ety and red porgy which are rvsad sy i caoe nef
Source:  Centfer of Conarcrvrendal Seence Sl Xiamen Unnersify of ol (1002),

As marine biological resources provide
numerous opportunitics for viable economic
activities, there are, however, some problems
in their development and management as
noted in the following:

1. Contflicts on resource-use and competition
for space amonsg mariculture, port
construction, maritime transporiation and
beach reclamation.

. Inthe 193805, a sharp increase in sealood
prices and the free use of coastal waters
provided the impetus for large-scale
maricullure activities, In turn, mariculture
stirulated not only areal expansion bul

[~

also the development of new farnung
species and methods, such as oyster
farming using stone stack and suspended
feeding in shallow waters and large-scale
caged-fish farming, However, these efforts
did not significantly increase production
bul even lowered it In addition, a larze
number of marine areas wete occupied
churing the height of mariculture boom bul
were eventually left idle when production
began to decline. Some made zood profits
from mariculture without considering its
social and ecolozical impacts.

 Figure 2.3, Distribution of mariculture

areas in Tong'an Bay
==Prawn
& Cysler
& Clam
ooyl Biverd = A0 Clam
Xil River Donga River » Bload Cla

Eyuyy fsfand

4 :
. o Liuwudian

Saurce: Cenfer of Environmental Sclence Study et al. (1892)
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3. Pollution degrades the quality of water
and sediments for mariculture resulting
1 the reduction of production and quality
of mariculture products. For example, the
massive pen shellfish kill in Gaodic sea
tarm and the 80 percent oysler maortality
around Baozhuyu Island have been
atiributed to marine pollution, The
pollutant concentration in bieta and the
environmental quality of mariculture
waters are shown in Tables 24 and 2.5
The use of destructive fishing gear types
and methods, such as electricity and
explosives, to increase catch resulted in
declining fish population.

Pollution due to wastewater from muri-
culture hampers its own development.

The Planning and Zonation of Fisherics
Development — In order Lo develop
sustainable marine biological resources in
Xiamen, a zone plan was formulated to
manage fisheries and mariculture
development in the region (see Figure 2.4).
The plan aims to identify areas for specific
types of fisheries development: freshwater
aquaculture in Xinglin, shrimp mariculture

in Xike and Dongken, high-value sea production
in Dadeng Island, and expenimental mariculture
lechnigues on reproduction and sea farming in
Tong'an Bay,

Porr Resources
AND THEIR DEVELOFMENT

In Xaamen, decp harbors and navigational
channels are important resources for port
development, Deep harbors, on the one hand,
are located mainly in the coasts west of Xiamen
Island proper; near Paitou, Dayu Island; and
from Sangyu to Qianyu Island, Deep channels,
on the other hand, are located in walers, where
current velocity is high, between Xiamen and
Gulangyu; Sonyu and Gulangyu; Huoshaoyu
and Faitopu: and Jivu and Qianvu fsee Tabie
2.6l

Development Status and Problems — Port
construction and development began in the
19830s. The first phase of the Dongdu port
project was finished in 1984; the second
phase in 1994, Since then port handling
capacity has doubled (see Table 2. 7 and Figure
2.5). The number of berths has been

Figure 2.'4..Eattem.uf-ﬁsf__n.=_ry_ development
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Maricuture Baza
P al Teng'an Hay
L '{\\_‘_ // /.(f / 3o

Source: Office of he Naticnal Land Planning Managemen! Division | ?993}

Mancullure Dase far
HIEIMIBIM Provduct
Cacang lstmd

N

Tidat Flal [T sal oy

2]
Destrect (Caunly) Boundary

(=] Planned Fishing Base
Flanned Mariculture Base

24



CHAPTER 2: MARINE MATURAL RESOURCES AND THEIR STATUS OF DEVELOPMEN]

Table 2.4. Pollutant concentration (parts per million) of intertidal benthos in Xiamen

Ares | Species | ltem | Copper | Lead |Cadmium | Zinc Total 666 Wil
Mercury
oystar range |17.3-11.0| 0.1830.726 | 0.407-0.878 | 136007 | 0.00800.00148 000095000122 | 0.00830.0245
v, 4.9 0,326 0.6B4 [ 0.0EET 0.0010E 0.0168
Wast i ..
Harbor m range | 1.13-7.12 | 0.165.0.188 |0.066-0.085 [ 103147 | C.O01-0.0150 01.00061-0.00127 {0.003E.0.0484
ave. 3.20 0.174 0.07% 13.0 p.ona 0.0003% 00042
razor clam| range 3 0166 0.0E8 165 00150 02234 a.omg
d.wi range 4.2 0.363 0.093 04 0.0340 i [o] HQ
Tnng'an oysier range £6-75.6 (00720080 [0.401-0859 | 14,8641 | 0.0280.0.0470 | 0.00038-0.00138 |0.0026.0.0322
Bay avn, 131 0,130 0573 ans 0.0330 0.00083 D.015R
Gulangyu | oyster range | 2.6657.0(0.191.0.285 |0.561.0.878 |53.5:743.0 | 0.0121.0.0402 | 0.00100.0.00742 [0.0344.0.4480
ave. ara 0.226 0777 3290 0.023E 000234 0.AEDD
Dadeng oystar range | 11.9.30.7)0.140.0,390 |0.256.0.657 | B.8-154.0 0.00BE-0.0447 | 0.00070:0.00708 |0.0130-0.0838
Island ave, 165 0.240 0.455 538 0.0272 000088 00378
snail range | 4.0-106.0|0.139-0.648 |0.05.1.070 [ 13.750.8 | 0.0106-0.0508 0,00032-0.00524 |0.0236.0.0338
ave. an.z 0.320 037 324 0.0z88 0.00158 0.0267
Stendard  (mollusk|® 00 ] 56 250 03 24 0.2
Legend: m =  Rudfapes phiippiaum: dw = dog whelk
' = The standsds are defised as ihose it the Concise Speciications for Nafional Compretiansive Invastigation of Saa
Island Resources
NG = poldafermingd
Mota: The average concanfration i the fabls indicates tal 2ine coment it oyster and snal samples from the Wl Hartior and Dadang
Istand excended the Sandard, Concontration of pesticides wers vary law since Meir produchion and use have stopped, the resalls
ware (he msidies from their historical applization
Source:  Conferof Emaronmental Saiance Shudy (1892
Table 2.5. Assessment of environmental quality for mariculture
Water quality | Sediment quality | Blota [oyster) EQl | Composite assessment
A q A q A q
cop) 1P Ok | Cu Cu QCk
WHl040 (140|080 | 0.59)| 0.76 | 068 [0.75 | 008 |042 | D65 fairly clean
TE |028 (120|074 0.35) 054|045 (013 ) 008 |01 | D45 clean
Gl |032|o73|052| 055|081 | 066 (037 081 J058 | 062 fairly clean
DJ. |040|073| 057 | 0.24| 044 | 0.34 (047 | 019 |0.18 | 0.30 clean
Legand:
A = ralio of observed data o Sfandard WH = Wesl Harbor
q = quality index of waler, sedimanf, bicta TE, = Tong'an Bay
CoOD = chemical oxygen demand G = Gulangyu lstand
IF = jnarganic phosphale (N = Dadeng lsiarnd
oM = omanic matler EQf = ndex of environmental quality
Cu = coppar in sediment and bigta CCP = organochloro pesticidas in biota
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increased 10 GG to handle the yearly increase

in the volume of passengers and goods.
Some problems and issues on port

development exist including:

1. The insufficient flushing of deep
navigational channels is due to the
reduction of seawater influx by aboul a
magnitude of 1.2 x 10°m”. This was the
result of reclamation projecis and the
construction of causewaysand jetties. The
increase in sand input into the coastal
waters was brought about by soil ercsion
and improper approach in construction in
coastal areas. Hence, some anchoragze
srounds and navigational channels have
become silted sce Fawre 2.6) creating
shallow sections with a depth of less than
Simand are obslacles lo navigation,

2. The development of mariculture and the
use of small sel nel in the West Harbor
were not guided by sclientitic planning, For
example, some mariculture areas are very
near navigational channels, posing
problems on navization and safety; and

3. Wastes discharzed from berths and vessels
pollute the waters of West Harbor, Qil
slicks and floating rubbish are often
observed on water surface.

Port Development Plan — At present, major
port construction includes the third phase of
the Dongdu port project, special berths al
Songyu and Haicang, and mediwm-small
berths at Tong"an. There is a plan to build
additional 14 berths with a handling capacity
of 15 million tons, enabling the total handling

Table 2.6, Distribution of deepwater harbors in Xiamen shoreline

Location of decpwater harbors Shareline

length (km)
Xiamen Xiamen |sland Dungshang 1.4
Wutang 5.0
Shihushan - south fishing port 5.0
Xiamen |5, side facing Lujiang 3.0
Jimei Xinglin west to Xianghishan - Neikeng 4.0
north to Xianghishan 0.3
Sengyu - Dayu 1.0
north of Shuitou - north to Paitou 0.6
Islands north of Dayu 0.6
Tang'an Liuwudian 0.5
Lenghai Gangwei Village Dashikeng 1.6
Yuziwei 2.7
Total 26.7

Neote: For convenignce, shoreling al Gangwaei wvillage is listed hare; refar to Table 3.5
Source; Office of tha National Land Flanning Management Divisian (1593)

Table 2.7. Transport of passengers and goods in Xiamen Port

for the past 40 years
Passengers (10,000) Goods (10,000 tons)
1952 221 B.2
19480 110.0 #2.v7
1989 1933 210.8
1993 206.7 I47.6

Source: Statislics Evreau {1594)
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‘Figure 2.5, Development of handling capacity of the Xiamen bet;iﬁ-ﬁﬁhhﬂ:aﬁ;f;

HANDLING CAPACITY (in million tons)
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Source: Xiamen Stafislics Yearbooks, 1991-71954,

Figure 2.6. Areas of siltation in Xiamen coastal waters
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capacity to reach 26 million tons by vear
2000. The handling capacity will reach 50
million tons by 2010, Fgure 2 7shows the
distribution of port shoreline and berths
according to the plan.

TioaL FLaT REsouRrcEs
AND THEIR DEVELOPMENT

Mud or tidal flats in the rezion are quite
extensive with a total area of 136.77 km".
Table 2.8 shows their distribution and arcas
in relation to other lands of various uses,

In the I‘ngﬂlL, their distribution is as
tollows: 15.08 km” in Xiamen Island; 98.31
km® in Tong an, Xinglin and Jimei: 24,36 km®
in Dadeng Island; and only 1.02 km" in
Gulangyu Island,

In West Harbor, tidal flats are mainly
distributed in its northern coast and in the
coast of Haicang. They are also found in the
southwest, wesl, north and northeast coasts
of Tong’an Bay.

The north coast of Xiamen Island is
characterized mainly by mud flats, vt with

some minor sandy beaches of about 8.8 km
long within an area of 6.6 km®. In the west,
the beach is also a mud flat, extending to
about 11,5 km long with an area of 4.3 km®,
where the port areas (from Shihushan to Pier
No. 1) are lecated. In Xiamen Island, there
are rocky, sandy and muddy beaches with
width ranging from 100 to 2,000 m (see
Figure 2.8), Other rocky beaches exist
southeast of Xiamen Island and east of
Gulangyu, Sandy beaches are located in the
south and southeast coasts of Xiamen Island,
and in the south and southwest coasts of
Gulangyu Island. The coasts from the east to
the south of Xiamen Island are mainly sandy
and mud-sandy beaches of about 20 km long
with an area of 4 km®. Most of the sandy
beaches have become resorts or oyster farms
such as the one in Hechuo,

Development Status and Problems — Most of
the mud tlats in north West Harbor and Tong’an
Bay including those in the north of Dondu port
arear m the north beach owtside of Maluan
Causeway, around Pailow and west of Dayu

Figure 2.7. Distribution of ports and berths

Districi { County) Boundary
Planned Port Area

Source: Office of the Natianal Land Planning Management Division (1833}
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Table 2.8 Land use classification in Xiamen Municipality

Areas Total | Farm | Tidal |Forest|Indus-| Water |Special | Trans- | Garden |Grasses
{km?) | land flat try port

Whole City TOO.58)423.27 [136.77| 87,30 | 73.06 47,92 10.35 | 7.62 | 576 1.53

Urban 476.351230.12 | B5.28| 7T1.653 | 43,46 | 44.95| 952 | 747 | 2.79 1.53

Tang'an County (322 2319815 | 71.48(1577 |2960| 2.97| 0.83 | 0.45 | 2497 -

Source; Office of the National Land Planning Managemeant Division (1993)

Island; and in the north of Songyu pier area
have been used for mariculture. Conflicts on
coastal land use exist among port construction,
mariculture and coastal engineering projects.
Some conflicting activities (e.z.. land
development and reclamation of beaches in
Wesl Harbor) have resulted into hydrologic
changes, marine pollution and disruptions in
the ecosystem (see Feure 2.9),

FresHwWATER REsoURCES
AND THEIR DXEVELOPMENT

Freshwater resources and supply in
Xiamen Municipality are not abundani,

coming mainly from the waters of
Jiulongjianz River. Underzround water is
hardly suitable for drinking and for other
related purposes due to its high salinity,

In Xiamen City, the average annual runoff
is 12.35 x 10°m"; the average runoll’ percapila
is 1,200 m®, an average that is lower than the
national and provincial averazes, and even lesser
than the world’s average of 12,900 m™ in 1977.
Freshwater resources in Xiamen Island proper
are scarce with an averagze runoff of 0.79 x
10°m", Henee, a lavge part of freshwater supply
cormes from Jiulongjiang River, which supplies
about 3.75 x 10°m”" per annum, as well as from
other sources outside the municipality,

Figure 2.8. Distribution of different tidal flats in Xiamen
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Figure 2.9, Status of tidal flat uses in Xiamen
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Source: Center of Environmental Science Study (1992)

Tourism REsounces
AND THEIR DEVELOPMENT

Tourist attraclions in Xiamen, which
include the Gulangyu-wWanshisan national park,
are ample. The location and distribution of
natural sceneries, seasice resorts and artiticial
atiractions are shown in Tabley 29, 2 70 and
Z ]I, respectively.

Development Status and Problems— In
Gulangyu Island, tourism resources have
been fully wiilized, yet their environmental
quality remains good. Its seaside resorl are
accessible all year-round. Elsewhere, the

30

environmenial quality of some beaches has
been deteriorating due to the impacts of land-
based wastewater discharges, rubbish
dumping and oily wastewaler discharges
from ships. aside from inadequate
management. About one-third of the sandy
beaches around Xiamen Island proper is
affected by microbial contamination and oil
pollution,

Development Plan of Tourism Resources—
New tourist sites were planned to be located
particularly in northeast Tong an Bay, Xinglin
Bay and Muoshaoyu Island in West Harbor
fsee Figure 2.10).
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Table 2.9, Natural sceneries and tourist attractions in Xiamen

Type Subtype Location
|lsland 1. natianal level mauntain Wanshiyan, Sunrack
Hill 2. city level mountain Hengjishan, Wulaofeng, Yupingshan,
Hezngshan, Huweishan
Island scenic | 3. sea stacks southeast of Xiamen Island, Gulangyu, Jiyu
spot 4. sea caves southeast of Xiamen Island, Gulangyu,
Huoshaoyu, Baozhuyu
5. sea erosion-arch-bridge Gulangyu, Jiyu, Eyuyu
G, sea erosion group southeast of Xiamen Island, Eyuyu
7. wind shaking rock Xianyueshan at Xiamen |sland, Huajing Garden
Beach dune | & sandy beach (swimming) | east coast of Xiamen |sland, Gulangyu,
Dadeng Island, east coast of Xiamen Island
9, dune
Island reef 10. islands Gulangyu, Huoshaoyu, Jiyu, Baozhuyu, Eyuyu
11, reefs east coast of Xiamen Island, south coast of
Gulangyu
Channel 12, channel Kiamen-Gulangyu channel
Bay 13. bay Xinglin Bay, Yuan Dang Lake, Xiamen Bay,
Tong'an Bay
Spring 14. mineral spring east Langsheshan, southeast Wulaofeng
15, hot spring Zhongzhai
Geological 16. tectonic landscape Xiamen Island, Gulangyu, Huoshaoyu, Jiyu,
site 17. sea eroded landscape Dadeng |slands, east coast of Xiamen |sland
Ecosystem 18. coastal protected forest | east coast of Xiamen Island, Wanshi rock at
Xiamen |sland, Subtropic Plant Institute
19, coastal ornamental Gulangyu Plant Intraduction, northwest of Dayu,
plants Eyuyu, Jiyu, Dayu, Xiamen Island and Yuan Dang
Lake, Xinglin Bay
20. mangroves Huoshaoyu
21. egret Xiamen Harbor
22, dolphin Amphioxus (Eyuyu, Dadeng, Xiaodeng, Huangcua)
23, valuable seafood Mitella (Tuyu)
Lake lake Yanwu pool and confederate rose |ake
{ancient Lagoon), Yuan Dang Lake
Reservoir resenair Shangli, Dongshan, Wanshiyan, Hubian Reservoirs

Source: Offico of tha Steering Group for Camprefensive inveshgalion of Xiamen Island Resources el al {1954)

Table 2.10. Status and impacts of seaside resorts and marine parks in Xiamen

Area Capacity Status Environmental
% 10,000 persons | x 10,000 persans impacts
Sulangyu 0.4/d, 146/a =1/d at peak minirmal
Aoyuan park 0.35/d 0.16/d minimal
Wanshi park 800/a 0.3-0.5/d deteriorating
MNanputuo Bid, 580/a 0.3/d, 5.5/d at peak safety problem
Hulishan barbette 2/d, T3la 0.1-0.2/d minimal
Yundingyan n.d dozens of hundred/d minimal
Qingjiac n.d. 4fmonth in 1853 minimal
Seaside [Gulangyu 0.2-0.6/d n.d. deteriorating
Xiamen University| 0.2/d =1/d at swimming sand beach erosion,
seasan seawater pollution
Hulishan-Baishi 1/d, 190/a underdeveloped high potential
barbetie impacts

Legend: n.d =nn data available

Source!

Canter of Envirorimantal Science Study (1994)
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- Table 2.11. Historical and artificial tourist sites in Xiamen

Type Subtype Location

Archeclogical 1. neolithic ruins Xiangyu coast, Shijiantou
ruins 2. museum of mankind Museum of Mankind of Xiamen University
Histarical sites 3. stone tablet, Nanputuo Temple, Wutong ferry, Wanshiyan,
stonecutting Sunlight rock
4, ancient town/barbetie Hulishan barbette, Baishi barbette
5. temple, church Manputuo Temple, masjid, Xinjie church,
Qingjiacchiji Temple
Garden B. cemetery and park Cemetery of Xiamen revolutionary martyr,
Shuzhuang Garden and Ming Garden
at Gulangyu
Cultural sites 7. memorial hall Museum of Overseas Chinese, Zhengchenggang

memerial hall, Luxum memorial hall,
Jimei cultural village

Island attractions | 8. salt ponds Zhongzhai at Xiamen Island and Dadeng Island
9. mariculture sites north and northeast coast at Xiamen Island and
Huoshaoyu, Dadeng, Xiacdeng, Dalimuyu
Sea port 10. modern port Dongdu port, Heping berth
Sea foad 11. fresh seafood Xiamen lsland, Gulangyu
12. local flavor snacks Xiamen lsland
Tourist shopping | 13. carved stone handicrafts| Stone-carving factory
14, native products Llamen carved |lacguenrware,
pearl embroidery sites
Causeway 156. causeway Gao-Ji causeway, Dadeng causeway
Bridge 16. bridge Xiamen Bridge

Source: Office of the Stearing Group for Comprehansive In vastigation of Xiamen Island Resources et &l {1994)

Figure 2.10. Spatial dlstrlbutinn of areas for tourism dwa!npmnt
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Chapter 3:

{rban Socioeconomic
and Ecological Status

Xiamen evolved from a lowly rural settle-
ment in 930 AD to a modern seaport at the
beginning of the 1980s. Since the 17th cen-
tury, it has already been one of China's inter-
national trading port.

Xiamen's economic development gained
momentum in the 1950s notwithstanding a
parallel rise in its population. In 1992, il
ranked 10th among the top 35 cities of China
in terms of sociceconomic development,

Its current direction for socioeconomic
development is being provided by a plan
dubbed as the “Development of the National
Loonomy of Xiamen Municipality in the Next
20 Years.”

Sinece sustainable developmen! and
socioeconomic growlh are crucial in
mainiaining Xiamen's position as an important
seaport—its communities have been actively

involved in protecting and manazing the
marine walters.

Basic Facrs on Sociery
AND EcoNnomy

Demography and Population — There are six
districts and one county under the jurisdiction
of Xiamen Municipality, namely: Shiming,
Kaivuan, Gulangyu, Huli, Ninglin, and Jimei
Districts; and Tong’an Couniy.

The municipality's population reached
1. 1749 million at the end of 1993, of which
1.0924 million were permanent residents and
.40 million were iransients or visitors, Many
non-Xiamen-born Chinese and their velatives
live in Xiomen, On the other hand, a number
of Xiamen-born Chinese live in Hong Kong,
Macao and Taiwan fsee Avure 3.0 In terms

Figure 3.1. Population and land areas of districts and county of Xiamen Municipality

Lagand:
District (County) Boundary
- Siming District: 113,000. 20.5 ke
- Kaiyuan Distnct: 214,000, 44.0 km?
- Hull District: 66,000, 58.2 ke’

- Jimel Disfrict; 163,000, 358.0 km?
- Kinglin District: 84,000, 65.0 km?

Source; Statisfics Bureau (1993)

1
2
3
4 - Gulangyu District: 21,000, 1.8 kn??
]
B
7

- Tong'an Counfy: 534,000, 960.0 km?
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of ethnic distribution, the Hans comprise the
majorily with 99.9 percent of the total popu-
lation. There are more than 20 ethnic groups
that include the Hui, Man, Zhaung, She and
Gaoshan groups among others.

Table 3.1 shows thal Xiamen's
population remained at some 0.15 million
between the middle of the 17th century and
1241, This, however, was doubled to 0.255
million from 1950 to 1980. It increased
[urther to 1.18 million from 19380 to 1993,

[t is projected thatl its population will
reach 1.50 and 2.20 million by the years
2000 and 2010 with annual growth rates of
371 percent and 3.9 percent, respectively,
The average life expectancy is 70 years {sec
Fgure 3.2,

At present, its population density is aboul
11,700 persons/ k. According o statislics,
the urban area expanded 2.5 titnes and
reached 49.1 km® from 1980 to 1993,
Residential houses cover 548 million m?,
with 8.4 m® per capita,

Economic Development — XNiamen has
fizured prominently in the economic history
of China. It has been one of the importani
citics along the southeast coast of China since

the 17th century, It was one of the five ports
designated for international trade after the
First Opium War,

However, its development slowed down
before the founding of the People’s Republic
of China in 1949, The creation of the Huli
Special Economic Zone (SEZ) in 1980
provided the impetus for its rapid economic
growth. In 1984, the SEZ was expanded to
cover the whole Xiamen and Gulangyu
islands, Economic developtnent reached new
heights when the Foreign Investment Zones
at Haicang, Xinglin and Jimei were set up in
19849-1991,

Urban Infrastructures and Facilities— For
Xiamen's water supply, there are five tap
water plants with a total capacity of 0.521
million lons per day, a total actual water
supply of 0.3254 million tons per day, and a
pipe line stretiching 636 km longz.

In contrast to the improvements in water
supply, electricity supply remains to be
mmproved, Nevertheless, more than 1.6 billion
kwh of eleclricily are comsumed annually.
Liquid gas supply reaches 17,840 tons
annually for the 0.261 million population,
contributing to the reduced houschold

Table 3.1. Historical development of Xiamen Municipality
Epoch Features Population Highlights
S80 {Yuan Dynasty) rural settlement 5,000 under Tang'an County, Cuanzhou Prefectuna
1304 (early Ming Dynasty) military base 16,000 constrection ol Xiamen town lo resist
Japanese invasion
1516 (middle Ming Dynasty) | small trading town 16.000 as outer harber of Yue Harbor in Zhang zhou
1650 {end Ming Dynasty} military por 12.000 Zhengehenggong's base to resist Cling Dynasty
and recover Taiwan; for sea defense,
with commercial aclivities
1684 (early Qing Cynasty) Irading port 145,000 slan of custams, caommaercial and trade activities
1842 (end Qing Dynasty) lrade part 145,000 one of he five trade ports, with commercial and
frade aclivilies
1936 (R.C)) commercial port 160,000 prosperous commercial activities
1948 (R.C.) cammercial porl 120,000 econcmic depression limes
1950 - 1980 (FR.C.) industrial city 130,000 construction of modern industies, urban area
265,000 axpanded from Xiamen |sland to Xinglin
industrial area and Jimel cultural village
since 1280 special economic 480,300 ampie develepment of industry, business,
zone tourism, real estale el
Source: Commissicn of Uirban and Rural Reconstruction of Xiamen Municipality, Urban Slanning and Management Agency
of Xiamen Municipality (1991)
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Figure 3.2. Age structure of Xiamen's

population in 1930
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consumption of coal thereby decreasing the
source of sulfur dioxide pollution,

The drainage system remains inetieclive.
There has been no functional  system of
drainagze pipelines. There is only one sewage
plant with a treatment capacity of 61,000
lons per day or 28 million tons per year: while
about 50 million tons of industrial and
domestic wastewaters are discharzed divectly
into the coastal waters, Only about 42.3
percent of the industrial wastewater are
treated before being discharzed. Tn 1993,
aboul 92 million lons of wastewater were
discharsed,

Communications and transportation
occupy important roles in the economic
development of China. The telecom-
munication system has been greatly improved
and has reached a total telephone exchange
capacity of 0.1678 million units. Direct-
dialing connections from Xiamen cover not
only more than 400 citics nabionwide but also
188 nations and regions abroad.

For land transportation, there are
59,000 motor vehicles plying the 454 km
urban roads. However, pollution from
automobiles is becoming a major concern,
In 1993, railway transportation moved 4,02
million passengers and 6.76 million tons of
goods,

For air transportation, about 2.15
tnillion passengers and 33,000 tons of goods
were transported in 1994, ranking fourth in
the country. There are five regular flights from
Nigmen to international destinations such as
Manila, Sinzapore, Jakarta, Penang, Kuala
Lumpur and Hong Kong, plus 43 domestic
fhigzhts.

Water transportation includes oceanic,
coastal and riverine navigations. Oceanic
iransportation covers a number of
international destinations such as Bangkok
{Thailand); Singapore; Jakaria and Surabaya
{Indonesia); Manila (Philippines); Osaka,
Nagzoya and Hokkaido ( Japan): Seoul (Korea);
and San Francisco (Uniled States). The coastal
and riverine navigalions cover the cilies and
lowns along China’s coasts and Jiulongjiang
River,

Being one of China’s major ports, the
handling capacity of the Xiamen port hit 11.4
million tons and 0,225 million TEUs {twenty-
foot equivalent units) of containers in 1994,

Travel and tourism facilities have
significantly improved with 33 hotels of 4,519
rooms and 9,199 beds, 150 lea houses, and
amuscment centers. In 1993, around 0.28
million foreign fourists came fo Xiamen
contributing a revenue of 460 million Yuan;
while domestic tourists totaled five million.
Xiamen has a scenic national park with an
arca of 4.05 km?, of which 2.7 km? is open
for tourism. Totally, there are 20 parks that
comprise a small area of 168 ha,

The number of business establishments
and commercial centers have increased, Al
the end of 1992 alone, there were already
20,000 retail, food and beverage stores,

Fconomic Facts — The period 1930-1993
was an opportune time for Xiamen'’s rapid
economic growth. In 1993, the Gross
Domestic Product (GDP) of Xiamen
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_:Figureﬁ.-f ' mduﬂuﬁ#hmﬂjﬂmn'a rural

areas in 1980 and 1983

YEAR
Source: Ching Statistics Press (1984)

Municipality was estimated at 13.2 billion
Yuan from a 35 percent increase in 1992 and
about eight times higher than that in 1980,
fgure 3.3, shows the GDP performance from
1980 1o 1993,

The sustained development of market
cconomy and the emergence of small
enterprises have gradually changed the
structure of rural economy. In 1993, the
rural GDF of Xiamen Municipality reached
4.2985 billion Yuan. From 1980 to 1993, the
total rural industrial production increased
from 15.69 percent to 45.23 percent; while
agriculiural production decreased from
Td4.44 percent to 36.44 percent (see Figure
3.4). During the same period, fisheries
production increased from 9.01 percent to
44 .95 percent,

The total industrial production al the
township level and above reached 17.349
billion Yuan in 1993, of which light industry
contributed 12.413 billion Yuan (71.44
percent) and heavy industry, 4.938 billion
Yuan (28,45 percent). Aeure 3.5 shows the
contribution in production of eight different
industries.

Basically, Xiamen is a light-industry
municipality. From 1980 to 1993, the annual
production of light industries was consistently
higher than those of the heavy industries.
Agricultural production, which was the
lowest, fluctuated with a relatively higher
average as against heavy industry's average
fluctuation.The latter's production increased
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from 26 percent in 1980 to 30 percent in
1988 (see Fvure 3.6,

International trade has played an
important role in Xiamen’s economy. In 1993,
the total value of import and export reached
US$4.1 billion, ranking fourth among 35
large and medium cities in China. Xiamen's
exports represent 75 percent of the total
exports in the south Fujian Province,

SocioecoNomMic FEATURES
AND Turk DevELoPMENT TRENDS

Socioeconomic Development — From 1980
to 1993, Xiamen's economy grew by an
annual rate of more than 20 percent (sec
Table 3.2).

The rapid economic development of
Xiamen Municipality is attributed to its port
advaniages, hospitable subiropical climate,
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Fiaum 3.5, antagﬂhmrs of HiEhl representing different provinces and cities of
‘industrial productions in 1993 " | the country. Xiamen takes the lead in drawing
foreign investimenis, advanced technologies
h. 9.87% o e e
g.1.40% | a. 21.80% and facilities, and foreign banks into its
, ™ shores, It also encourages the establishment
f.12.16% x/ \1:& ' \x._x of foreign-funded enterprises.
If'__ % | et There are more private-owned
€. 2.60% lI —“'—‘—‘%\"" | enterprises than state-owned ones. Since
Y / \ / b.19.08% 1939, combined production by foreign-
EASA NS funded enterprises, joint veniures and
N ’f f>/ cooperatives have surpassed that of the state-
. AT.84% owned enterprises. In 1993, the gross
Legann';. production of private enterprises represented
| & electronics |_] g buflding materials 62.6 percent of the total industry production
| |bchemical | |t textie at township level or above. Since 1993, the
 |e machinery [ | g papermaking government has approved the applications of
[ ] food [ ] h others 2,290 foreign-funded enterprises but only
Source: China Statistics Prass (1084) 1,520 are operating. High productivity in

private, state-owned and foreign-funded
enterprises is atiributed to a committed labor
natural sceneries and strategic geographical  force and flexible management.
location near the Taiwan Strait. With the Xiamen's rapid economic growth isalso
establishment of the special cconomic zone  attributed to its reliance on science and
(5EZ) in 1830, Xiamen has built up its  lechnology as being pursued through its
industrial base capable of producing educational system. The nine-year
electronics. machineries, textiles, chemicals,  compulsory education program was enforced
construction materials and processed food  in 1994,
products. There are 17 universities and colleges
Broad cconomic and trade connections  and 420 institutions for scientific research,
with more than 100 nations and regions  technological development and business and
abroad have been established. In Xiamen, trade. Avound 15 percent of its residents have
there are more than 300 trade offices  received university and college education,

£ Figure 3.6. Production from agriculture, light and heavy industries since 1980
agriculture
agriculture 8%
5% 1
agriculture 1:‘-:F =
7% 8 l:;::t’:? / ! \x heavy
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Source: Xiaren Slelistics Yearbook (1992
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Table 3.2. Economic indicators of Xiamen Municipality for 1980 and 1993

CGross value of social products (services)
Gross industrial products
Gross agricultural products
Gross domestic products

primary industry

secondary industry

tertiary industry
GOP per capita (Yuan RMB/person)
Mumber of retail stores
Investment in fixed assets for the whole society
Fort handling capacity (10,000 tons)
Aviation passengers (10,000 perscns)

1880 (Yuan RMB) 1893 (Yuan RMB)
135,135 1,895,481
91,604 1,329,765
19,388 124,981
64,000 1,093,609
13,834 93,334
37,015 590,342
13,154 409,333
689 9,406
1,252 (1982) 23,517
12,612 544,586
150 520
155

Source: Shatistics Burean (19584)

putting the average educational level of
Xiamen residents above the national averaze,

At present, Xiamen is executing a policy
of free port to create better economic
envirenment and attract move investiments,

Sociocconomic Trends Xiamen's
socioeconomic development plan has been
the basis in making Xamen a modern city
with an international seaport and a scenic
environment. For this purpose, planners have
adopled an “arca-by-area and gradual”
development strategy. The West Harbor and
its adjacent lands were chosen as the main
areas for new development projects doubling
Xiamen's area by the end of the 20th century
{see Figure 3. 7).

A, Drrection and Focus of Economic Sectors

The primary sector, i.e. agriculture,
focuses on the stabilization of cereal, edible
oil and sugar production as the first
component; it also aims to increase forestry,
livestock, poultry and fisheries production as
the second component. The ratie of the first
component to the second one was 1:2.13 in
1995 and increasing to 1:2.6 by the year 2000.

The secondary sector, which is represented
by manufacturing and construction, is geared
towards the creation of superior industries,
technical advancement, international market
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expansion and economic efficiency, This
sector focuses on the development and
production of machineries, electronics,
clectrical and petrochemical products, and
the strengthening of the construction industry,
From 1995 (o 2000, total production is
expected to increase from a value of 28 to 69
Billion Yuan at an averaze annual rate of 23.2
percent,

The tertiary sector, which is represented
by service-oriented establishments, will
account for 48 percent of the GDP by year
2000 and a 40 percenl share of the total
number of peaple emploved in all sectors, Iis
development focus will be on three aspects,
The first aspect concerns infrastructures (e.g.,
telecommunications, transportation, scientific
research, education, public utilities, etc.)
which have fundamental impacts on
ceonomic development,

The second aspect concerns sectors
closely related to economic development and
personal affairs and welfare (e.g., business
and trade, financing, insurance, tourism,
environmental protection, real estate, arts and
culture, education, social services, ctc.)

The third aspect focuses on new sectors
related to the advancement of science and
technology, including those directly or
indirectly linked with production and
livelihood, such as various technical and
information services.
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 Figure 3.7. Overall development plan of Xiamen Municipality
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B Fattern of Scctor Development

In (he Xiamen Tsland proper, an
integrated system of scientific research,
technical development, test producton and
marketing will be developed through the
construction of the highly technological
sector development parks, such as the China
Development Institute of Science and
Technology in Xiamen and the Xiamen
Inlernational Corumercial Town of Science
and Technology. While financing, trading and
Brusiness activilies ave bemng promoted, they
will be monitered and regulated (o make the
island unpolluted, with low-energy
consumption, and highly orented to science
and technology,

The Haicang area will concentrate on
the production of heavy machineries,
petrochemicals, vehicles, metals, chemical
fibers and plastics, aside from vaw materials,

Uthan development and constrichon
will be based on funchonal zonation and the
requirements of a modern urban center as
there 1s a plan to make Haicang a new modern
urban avea in the 215t century. Development
will be aceelerated 111 areas such as the
Mingvang Industrial Park, the new Haicang
District, the Haicang Farm and the Songvu
Area,

Xinglin District will replicate highly
technological sectors in Xiamen Island and
the large industiial projects in Haicang o
improve and expand its production capacity

%
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and product lines. The industrial zones of
North Xinglin, South Xinglin, Beitou, Maluan
and Zhongya will each become a center of
electronics, chemicals, textiles and
machineries production based on functional
zonation.

Jimei District, which is located between
the Special Zone (to be developed later as a
free port) and the non-special zone, will take
advantage of the interaction of the two zones
by focusing on the development of the tertiary
sectors such as tourism, retail trade, light
industries and arts and culture,

Business development in the new
districts of North Jimei, the Dong’an Industry
Zone, New Dongfu Zone, Industry Zone of
South Guankou and Zhongming Town
Industry will be promoted. The construction
of the Jimei-Tong an Road will make the new
industrial corridor favorable to the economic
development of the suburbs.

For Teongz’an Counly, its main
development target is to pursue an export-
oriented economy based on well-developed
industries, stable agriculture, prosperous
tertiary sector and sound ecological
condition. It also has a plan to establish a
satellite town,

For the county's industral zones, their
specific production targets are as follows:
Chengdong Industrial Zone for food processing;
the Chengnan Industrial Zone for light industry,
manufacturing and machineries; and Pantu and
Huangjin for highly technological products.
Likewise, pottery and the production of other
construction materials will also be ziven
attention in view of the abundance of granile
and kaolin.

To zenerate revenues from tourism and
other tertiary services, golf courses, resorts,
amusement parks and other recreational
facilities will also be developed, particularly, in
Fantu, Dingxi and Dadeng Islands,

C.  fattern of Town Development
There are three areas that follow a

specitic pattern of town development. The
first patiern, a one hundred-year modern
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development plan, covers the downtown
areas of Xiamen and Gulangyu Islands,
Frojects that entail large supplies of water and
electricily, vast tracts of land, big volumes of
transportation and those with larze pollution
potential will be strictly rezulated, Aside from
highly technological projects, other areas of
focus are light industries and tertiary sectors
such as financing, business, trading, tourism
and arts and culture,

The second pattern is concerned with
the development of satellite towns at the
suburbs, including those along the Xiamen
coastal waters such as Liuwudian, Jimei,
Xinglin, Maluan and Haicang. Jimei and
Kinglin have well-known cultural and scenic
spots and are important industrial areas of
the Xiamen Municipality. In the plan, an
industrial park will be set up in Linwudian; a
light-industry park in Maluan; and a heavy
industry base and a transit porl in Haicang,
Their developmeni plans will also address the
issues of population, land use, water supply,
eleciricily, communication systems and
environmental protection,

The third pattern covers the small lowns
in the far suburbs concentrated around
Datong of Tong’an County. Aside from
supplying agricultural products, the tertiary
sector will also be developed. Labor-intensive
industries are planned due to the absence of
large tracts of land and the presence of a large
population (see Table 3.5).

Port Sccton

In addition to the discussion in Chapter
2 on port sector and development, further
details are given below.

Geographical Advantage — The Xiamen port
has a geogzraphical advaniage, being
prominently and strategically located within
the three bustling economic and trade centers.

Firstly, in the Fujian Province, the
Xiamen port is located at the Xiamen-
Zhangzhou-Quanzhou trade {riangle which
1s the most important port for foreign trade.
With the presence of communication
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Table 3.3. Basic facts on Xiamen districts
Districts Urban Characteristics of the district Population Develop-
land (km?) (10,000} ment plan
Xiamen lsland  west 482 cily cenler, administrafion, resident, business, Gd.78 in plan
cullure
eas! 425 tourist spot. high-lech, teriary industrial 39.20 long-lerm
frade with Talwan
all ¥iamen lsland 0.8 city center of polilics, econamy and culture 103.98
Jimei 800108) | cullure, education, tourisl spot 7.84 (15.50) in plan
Xinglin 23.3 (27.7) | industry, transportalion center 2713 {350 in plan
Maluan 416 (44.7) | middle-low processing industres, 43.78 (52.03) | inplan
sacondary msiden
Haicang new tawn 46.8 resident, upper reach industry 4378 (52.03) | inplan
Songyu power, harbar
Faitau harbar, Iounst
Dongdu T4 middle-low reach indusiry, transpartalion 11.42 lang-lerm
Guankou 383 middle-kw reach processing industnes, 5345 [ang-lerm
secondary resident
Houxi 12.2 transporiation, cenfer, resident, industry 2043 tang-term
Gulangyu 1.64 Scenic 1ounst area 1.5 in plan
separale zane 22.2 (29.0) | ecological protection, municipal passage
Source: Planming Bureaw of Xiamen City

networks and all means of {ransportation,
¥iamen has become an important hub of
commercial, financial and cultural activitics
in the region. Xamen port has important links
to several areas adjacent to the Xiamen
Municipality such as Longyan. Quanzhou,
Zhangzhow, Yong'an, Datian, Qingliu and
Niuliua; Sanming and Nanping of Fujian
Province; the east and south of Jiangxi
Province; east of Guangdengz Province; and
south of Hunan Province, among others,

Secondly, Xiamen is in the middle of
Shanghai and Guangzhou, China’s two
leading trade and economic centers. Shanghai
is the center of economic development in the
Changjiang River delta as Guangzhou is in
the Pear] River della. Xiamen is 381 naulical
miles away from Guangzhou. 564 from
Shanghai, 267 from Hongkong and very near
Tarwan,

Finally, Xiamen belongs to the dynamic
East Asian region, the home of newly-
industrialized countries (NICs) or economic
tigers such as Taiwan, Singapore, among
others, Important trading areas in ils northern
focus are Japan, Korea and the economic belt
around the Bohai Sea of China, in its southern

sights are the fast developing Southeast Asian
countries, Hongkong and the Pearl River
economic zone of China. It is also China’s
important gateway to the bizzer Asia-Pacitic
economic belt,

A Handling Capacily

In 1984, the handling capacity of the
port reached 11.4 million tons (e Feure
Z.5) by operating 66 borths that included a
35,000 and a 10,000-tonnage container
berths, a 5,000-tonnage berth, a 25,000-
tonnage coal berth and four 10,000-tonnage
bulk berths, In 1993, the port handled 894
ships with a total tonnage of 124,000 and
1,474 ship visits.

B Collection and Distribution

The collection and  distribution
capabilities of the port have been significantly
improved by the establishment of important
transportation networks in 1994, such as the
following: the Yin-Xia railway line with a
capacity of 14 million tons; a shipping route
that includes the cities along the south,
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southeast, North China coast and the
Jiulongjiang River; a road network consisting
of three state highways and many provincial
and county roads; and an air transpor
network that can handle 33,300 tons of goods
and 2,15 million passenzers.

[ Warchouses and Stock Yards

In 1990, there were seven warehouses
with a total area of 39,915 m® which can
store 57,904 tons of goods, 19 stock yards
with a total area of 244,114 m? for 31,445
tons; and three container vards with a total
area of 36,600 m? good for 1,744 containers
feee Table 3.4). Phase 11 of the Dongdu I'ord
adds 21,014 m?® for container capacity;
34,236 m* for bulky and other goads; 28,692
m# for front operations; 3,195 m?* for front-
warehouse operations; 9,345 m?® for
warehouses; 14,066 m? for supporting
operalions: and 32,758 m* for coal storage.

2 Port Inspection

Joint inspections of foreign ships using
Xiamen port have been carried out by the
Mavritime Safety Superintendency, the
Customs, the Frontier Inspection Station, the
Inspection of Import and Export Commaodily,
the Sanitary Quarantine and the Animal and
Plant Quarantine.

Development Trend — To meet the
economic development goals through trade,
port modernization is being undertaken. The
planninz phase has given important
consideration to such concerns as port
development, residential, tourisim, beach
resort development, sewage discharze and
mariculture and salt pond arcas (see Table
3.5 and Figure 3.8).

The current port development includes
the preparatory works for the Fhase M1 of
Dongdu Port and the construction of a
100,000-tonnage petroleum transshipment
berth in Songyu and a 50,000-tonnage coal
berth in Haicang. In the long-term plan, seven
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ports with a total handling capacity of 50
million tons will be constructed in seven areas,
namely: Heping, Dongdu, Gaogi, Xinglin,
Pailou, Songyu and Haicang (see Figure 2.7),

Urpan ENVIRONMENTAL QUALITY

In zeneral, the present environmental
quality of Xiamen Municipality is good. The air
is clean, thus, satisfying Class Il requirement of
the National Air Environmental Standard,

In terms of water quality, Bantou
reservoir is good while Xinglin Bay satisfies
Class 11l of the Surface Water Qualily
Standards, Coastal walers, except for the inner
bays such as Maluan Bay and the northern
part of the West Harbor, meet Class 11 of the
National Seawater Quality Standards.

However, noise pollulion caused by
vehicles and restaurants is getting serious,
prompting many complaints from residents.
Also, domestic garbage and construction
debris are produced in large quantities and
have adverse impacts on the environment,

Yiamen's urban environmental quality
depends on three factors, Oneis the presence
of environmental laws and programs. The
municipal government has already enacted
a number of environmental laws and
regulations aside from implementing its own
environmental programs and projects.

Another factor is Xiamen's geographical
location, which gives rise to strong
environmental assimilation. The atmospheric
dispersion is helptul, except for the inner bays
and waters. Qceanographic dynamics, which
provide strong current for pollutant dilution
and dispersion, ave siznificant in the southern
part of the West Harbor, the Quter Harbor,
the Easiern Channel and the entrance of
Tong’an Bay. However, biological degradation
is active due to the year-round high
temperature.

Lastly, the industrial structure indicates
whether or not there exist serious pollution
sources. There are no heavy-pollutive
industries, such as those producing metal and
petrochemical products.
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Table 3.4. Xiamen Port: berths, warehouses and stockyards ==
Barths Warehouse & Comprenen-  Cargo fype|
o - e yard areas  sive capacity
Port Jatty Dato of Slructune Farebatam  Capa- Ho. of jaties L Ware. Yards Cama Pas-
nama  operation helght city SLAp
Cesgn Actual d m £ n i3 n¢ m__
tolal —— T i 28 27 MEEs M1 014 Z67T 03
[B[¥] slotal . ] Q76 17,578 105,066 154 —
DD-11 300 In 10945 122 w1 oM M4 1M Contaner
conlainer
W00 19946 116 aea g 1 M7 MG 10 sundry
sy 45 : M5
00 10946 02 &0 70 R R ool
eal
Oid st [0 5732 1611 4721 055 0.0
oo barth ma,! 1966 shope stearer 20 50 1 3 )
bt ro.d 1930 gresdty quay #20 100 1 25 b5
berthno b 1001 imiaed S0 100 z 55 01 i
bertimo, G 1940 shpe-seamar 20 50 1 53 ps
Mazhugeng 15670 grindty quay 20 3 1 50 0ie e
Heping W1 15 70 100 1 100 (VR R 1] =]
) Heping #1087« Sl 1 B 100 008 0x o
el Heping #3 10H7 A Lok 1 120 01 =1
Yulw 1930 graaly quy 14 100 1 % (=3
Datarg 1950 reinforcament A5 B 2 ] coal
Leici borwg piked
Hupngliadu 1940 slope-steames L5 50 1 1 3
S loial 0 fi6d 22500 048
e 1970 reinforcnmen =20 100 2 ] o
i sy
H3=RE 1970 grandty quay 20 1 4 ] i b5
TR 1870 grandty quay 20 5 A cusal
#11 1970 ordly guay 20 0 1 40 i34
: sialleat 1988 lowgpled 20 20 3 4 180 .20 [
Isuburh Jimei 1578 sirpl +10 =] k- I+
Liuwardizn 1589 reinfomement A6 48 10m 114 010 s
frick pik
|Legend: Do - Dangdu Port oo - second phase project of Damgay Part
d deapwatar barth m mediym watar biarth
£ small crafl pier L tengih of the jetty
mi - llion fong mp - aWion passengers
Cp - CAMGES @ passangars b5 bualky surndry
s - package sundry
Source: Planmng Bureaw of Xiamen Cly

In zeneral. population density, industrial
and agricultural outputs, pollution discharee
per unit area, ete, have been considered in
classifying the urban environmental quality
of the Xiamen Municipality (sec figure 3.9).

A high level of economic development
but with low environmental quality exists in
the west-northwestern part of the Xiamen
Island, where the old downtown, Yuan Dang
New distriet and Huli Industrial Zone are
located. In contrast, the Bantou Reservoir and
its adjacent arvea in northern Xiamen are less

developed but with high environmental
quality. The status of environmental quality
tor the rest of Xiamen is intermediate.

This pattern shows that Xiamen’s
environmenial guality is very much
influenced by economic activities and levels
of development, The degradation of
environmental quality can be prevented by
fimely govertiment  interventions, effective
law enforcement and adequate investiments
in  environmental protection and
management.
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Table 3.5. Resource use plan for shoreline and port

Location Length |Depth Use Status Shoreline Plan Remarks
Xiamen |sland
[subilatal) as 0
Gaogi - Alrpan 41 5 salt, mariculiure, airpor allers
Adrpart - Dalimuyu 23 5 miarcullure maniculure
Dalimuyu - Wutongdac 48 5 maricullure commercial port resarsed lor fulure
WWulongdaa - North Heouo g & maricullure feclamabion &
mangulture
Marh Heoue - Xiamen 16.2 5 mariculture. mosl is undeveloped fourist, resident clean yollow
Iniversity sand beach
Xiaman University - 23 m navy, fishing boat base, other meiuding rescua jetly
Soulh Haping berth rescue ship
South Heping berth - 0.4 d Heping berh for business commaral por passanger raffic
Marth Heping berth center
Soulh Heping berth - 1.1 5 rivering passenger, ferry, smallrural | small craft jafly urkan aclivitics
Bberth Ne, 1 crafl, seaside park, urban Eving Lo be moved
Berth No. 1 - 0.1 5 small jelty for rural, small shipyard | urban activitios faraign related sectors
Hutingnan Road ithe Cusloms, ainl
Inspection, port,
frontier defense),
small movatle craft
Hubingnan Road - 21 g Tangyi ey, cold storege for foreign | wrban activilies, including rural
Soulh fishing part frade. Yuan Dang causeway clhers small craf pier
Zauth fishing por - 0.6 d fishing por fishing port
Soulh Shungshishan
South Shuangshlushan - 5.6 d 4 benhs of Phase 1of Dangdu commercial pord Dongdu port area
South Shibushan commercial por, ciher ramained
South Shihughan - 1.2 m slone malerials works, precast others
Marth Luyang ol jelty concrete yard, Luyong ol jelty
Marth Luyong oil jeity - 24 5 commercial port-Gacgi operalion comimarcial par Gaogi part dislrict,
Gaogi district, other remained fuel pler
(zang {South Gaoji {12.8)
causeway) - Wenouo
South Gaogi causeway - 525 § causeway, mancuflurg clhers
Wierst Xingjl causeway
Wesl Zingji causeway - S.87 5 marculiure marniculture, inglin part district
Horlh Maluan causeway commercial pod
Maorth Maluan causeway - 167 5 causeway, jetly for polyester athers
Wangeuo fibre plant ang glass works
Wengoua - QingJiao, Halcang | (26.9)
Wangowo-Yincuo 1.7 & marcullure laurisl
Yineuo - Morth Jingtaiyu 4.2 3 maricullure mariculiune
Mo dingtaiyu - Seuth Paitou 1.3 d remained shareface indusiry | shipyard
south Paitou - South Liushan | 1.85 & maricullune shoreface Indusiry
Zouth Liushan - Dongyy 1.5 5 maricdiure urban activity
Dongyu - Sengyu 1B m partly manculture, ferry resarved
Dayu s d remaingd resarved
Songyu - West Yadanshan 255 d navy (el jetly, most ramained Inguslry, Songyu ol Jetly
commercial porl
¥vest Yadanshan - 28 shig-breakar, maricullure, induslry, Haicang per,
Gongaiangshan {Aatau) moslremained commercial porl pewer plant pier
Gonggianshan - Cingjiao 545 mariculture indusiry, U-gxcavated por
urbran aclivily I plan, ndustrial port
Tong'an Bay (Jimel-Tong'an) [ {42.7)
Liuwudian - Aot 53 Livwudian jetly, maricultura industry, small piers lor lowng
commearcial port along Tong'an Bay,
unplannad
Total 1314
Legend:  Longth i km, 5 - waler depth balow & m; m - waler depth between 5-10 m; d - water depth ovar 10 m
Note: Other shorelines include jolties, causeway, navy, and special pumose.
Source:  Third instifute of Qeeanography, SC4 [1994)
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CHAPTER 3: URBAN SOCIOECONOMIC AMND ECOLOGICAL STATUS

Figure 3.8. Shoreline and port use plan of Xiamen Municipality

118" 00 1182 18'

3 o 2 dimei g ioH Tong'an
;\ Xinglin e T %ﬁ?
I o L IE g . &

U
30

Halzang

e Gulangyu
™ Jiulongjiang Estuary %

24
28

Lﬂgﬂnd:
— P[}.r? Shamﬁne —— tourist shoreling — — — — mancuffiure shorsing

— BB | cidential shoreling 1t spacial shoreling

Source: Planning Service of Xiamen City

Figure 3.9. Classification of urban

e PR environmental quality of
ESANID s [E]c Yo EElE | Xiamen Municipality
Legend:
i A - Development above average with
high enviranmental quality
B - Development below average with very
high enviranmental guaiity

C - Dovelopment af average and
anvironmental qualify at above average

L - High develapment level with average

enviranmental qualify

E - Very high development lavel with
anviranmearital gualify below average

Nota: Levels of developmen! and enviranmental

quality are sef al five different grades as below.

Developmant Stages Envirenmental Quality
viary high vary high
tigh high
akave average above average
average averaga
below average below averaga

Source: Center of Environmental Science
Study et al, (1992)




Chapter 4:

Status of Marine Pollution

A review of the marine environmenial
quality of Xiamen indicates that the marine
waters of Maluan Bay and those near Baozhuyu
Island are seriously polluted. The other pars
of Xiamen coastal waters are relatively good,
meeting the requirements of Classes Land I of
the Seawater Quality Standards of the country.
Eutrophication events are increasing. Oil
pollution is localized and contaminations by
heavy metals, radioactive wastes and biocides
are slizht,

MARINE ENVIRONMENTAL QUALITY

To determine Xiamen's marine
envirenmenial quality, studies have been
made on its coastal waters, Table 4. F shows
the levels of concentration of some pollutants
as discussed below,

Organic Pollution, Eutrophication and Red
Tide — Organic pollution is the most serious
pollution problem in Xiamen coastal waters.
The main sources are urban domestic
effluents, industrial and maricullure wastes.
The Chemical Qxywen Demand (CODY, an
indicator for organic pollution, has increased
since 1982 (see Hgure 4. 1), showing a distinct
spatial gradient in the Xiamen coastal waters
fsee Fignre 4.2,

The COD in Maluan Bay is within the
range of Classes Il and IV of the Seawater
Quality Standard; elsewhere, the COD falls
within Classes I and I1. The COD contents of
Tong'an Bay and Outer Harbor are the lowest
and meet Class T of the standard. For the West
Harbor and the Estuary, their CODs are
slightly higher, falling between Classes I and
II of the standard.

The concentrations of sulfide and
organic matters in the surficial sediment are
the results of the accumulated organic
materials from the water body. It reflects the

long-term organic pollution in the water
column, The concentrations of the two
parameters in Maluan Bay are the highest;
decreasing from West Harbor, Estuary and
Quter Harbor to Tong’an Bay, sharing the
same trend as COD. Fgures 4.5 and 4.4
show the spatial distribution of sulfide and
organic maiters in surficial sediments,

Due lo high concentrations of COD,
sulfide and organic matters, as shown in
Fyures 4.0 10 4.4, Maluan Bay has serious
organic pollution. These organic pollutanis
are brought by land-based waste discharges,
wasle from inlensive mariculture, domestic
effluents and poor hydrodynamic conditions.

Xiamen coastal waters show a medium
level of eutrophication due lo inorganic
nitrogenous nutrients. The amount of
dissolved inorganic phosphate in most of the
Niamen coastal walers fall within Class T of
the Seawater Quality Standards, except for
that very high concentration found at the
bottom waler of Maluan Bay. feures 4. 5and
4.4 show the spatial variation of reactive
phosphorus and total inorganic nitrogen
(TIN), Inn their temporal variation, Feure 4.7
shows that inorganic nitrosgen has increased
while reactive phosphate has decreased
slightly since 1987,

Major red tide outbreaks due to
Gymnodinium and Eucampia zoodiacus
occurred in 1936 and 19387 in the West
Harbor, particularly in the north coasts of
Donzdu-Huoshaoyu Island. In 19586, a
Crprnodiniun ved tide outbreak in Xia-Gu
Channel extended to the offshore waters of
Hulishan Foriress, forming a red tide belt.

The results of the study on red tide in
Xiamen coastal walers indicate that red tide
occurrence follows a complex process
iriggered by the following conditions:
eutrophication; the sudden change in
weather, especially during spring and
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Table 4.1. Concentrations of some pollutants in Xiamen coastal waters
{Units: OM in %; fecal coliform in ind/l and others in mg/l)

Fecal coliform
Date |Areas |DO |COD |BOD | RP | 3IN | 8* | OM | OIL
Planning _ Sen
islands
Jun-Dee
1987 WH. 1.24
Jan-Dec
WH, 3 1.38 0.015 .
1987 7.16 0.2
TC = 54,000,
J0% exceeding
Mar1987-] WH. | 722 | 133 0.ms | 022 na| 1.82 standard
3,914
Feb 1988
Mar0et | wh. |8 | 1.0 0.013 | 026 240 | 0.012
1589
B9% mxceating
Apr 1985 .
Mar 1990 W.H. 1.81 0.0n | 034 264 standard
WH. 0.026
M.B 5| 937 | 432 | 3.29| 0.003 | 0.29 0.068 G46
B [3.45 | 7.72 | 3.50| 0.161 | 0.08 | 1,636 | 3.51 120-5,420|
E+OHS | 7.24 | 153 | D.88( 001G | 0.4 0ms 5,136+ 1,800+
1492
B | G877 | 103 005 | 0.24 1471 1.74| 0.015 1,610+ + |1,187++
TEB. 5| Ba5( 1.08 | 0.89] 0.012 | 0.2 31| 045 Dm2 08
B 819 043 ooz | 047 {20-1,700]
E.C. 2,606
Legond: E+OH = Estuary and Outer Harbor
00 = dissolved oxygen I8 = Tong'an Bay
CO0 = chemical oxygen domand EC. = Eastern Walers
EQD = biologica! oxygen demand
RP = reactive phosphale Sources:
TN = fotal dissolved incrgamic nitragen
& = sullide af surfacial sedimen! insfi ¢ Enui " o
OM = organic matter at surfacial sediment i uI.:e ] rrlfffran.';':enrer Science Study,
o = based on the FC standard of 2,000 indd  Xiamen City (1990) _
. = dissolved oxygen was nof detectad for same stations: Office of the Sleering Group for
data in bracke! ara rangs of daterminalion Comprehensive  Investigation aof
B = boftom water Resources in Xiamen [slands (1994)
3 = shailow waler Third Institute of Oceanography, S04 (1983
Wi = West harbor 19932, 19935, 1993c, 1994)
ME = Maluan Eay Xiamen Management Regian, SOA (1950)
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Figure 4.1. COD concentrations In Xiamen coastal waters from 1982 to 1990

COD (mgfl)

2.0

1982

1984

1966
YEAR

1588

1980

Figure 4.2. Spatial

distribution of COD

concentrations in
Xiamen coastal
waters

Legend:

1 - Tong'an Bay

2 - Wast Harbor

3 - Maluan Bay

4 - Jiulongiiang River

Estuary
5 - Owler Harbor
6 - Eastern Channel

= 0.93-1.03 mga
[T} 1.03-1.53 mga
KXY 1.38-1.81 mgn
58 4.30-7.72 mgh
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Figure 4.3. Spatial distribution
~ of sulfide concentrations in the
~ surface sediment of Xiamen
coastal waters

Legend:

- Tong'an Bay

- Wast Harbor

- Maluan Bay

- Jivlongjiang River Estuary
- Quier Harbor

- Eastern Channel

O on o G ks =i

E 31 mygikg
HT”] 147 ma/kg

E? 284 maskq

K23 1,633 mgikg

Figure 4.4. Spatial distribution

of organic matter in the
surface sediment of Xiamen
coastal waters

Legend:

1 - Tongan Bay

2 - West Harbor

3 - Maluan Bay

4 - Julongfiang River Estuary
§ - Quter Harbor

6 - Eastern Channel
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‘Figure 4.5, Spatial
distribution of reactive
pﬁ@&l’ghﬁfﬂ’s;[m_‘gﬂ] ;

in Xiamen coastal waters

Legend:
- Tong'an Bay

- West Harbor

- Malvan Bay

- Jivlongfiang River Estuary

- Quter Harbor

6 - Eastern Channel

Ch b s kg o=

% 0.012 mgd

M 0.015-0.016 mgn
S 0.017-0.022 mgh
R 0.003-0.161 mg/

Figure 4.6. Spatial
distribution of total
inorganic nitrogen (mgfl) in
Xiamen coastal waters

Legend:

- Tong'an Bay

- Wast Harkbor

- Maluan Bay

- Jivlongjiang River Estuary
- Outer Harhar

- Eastern Channel

& Ch e G R =k

= 008-0.20 mg/
M e.17-0.21 mga
Y 0.21-0.3¢ mon
B2 0.24-0.41 mgn
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Figura 47. "Iariahnn of reactive phosphorus (RP) and total inorganic nitrogen (TIN)
; in Xiamen coastal waters since 1987
RP {mg/l) TIN (mall)
ama 0.3
0015 0:34
0.32 +
0,014 | 0.3
00132 [ 028
0012 Q.26
0.24 |
0o a29 |
(R4} 0.2 ..
1987 1968 1983 1500 1987 1988 1989 1950
summer; the release of large amounts Figure 4.8. Red tide areas in 1386 and 1987

of nutrients into the water during
storms; the rapid transformation of
nutrients; the subsequent transpori-
alion of sedimentary organic matter
during warm scason; and the
photosynthesis of blooming red tide
species as aided by clear or sunny
weather after the rains (see Figure 4.8),
No red tide occurrence has been
detected in the West Harbor since 1987,
This is probably due to the large-scale ||
shellfish culture which consumes large
ammounts of nektons and thereby
inhibits the growth of red tide species,
or the occurrence was simply
undetected, Further study is needed.

Bacierial Pollulion — The results of
monitering coliform population in
Xiamen indicate the varying degrees of
bacterial pollution in different sea
areas. Fecal pellution is quite serious
in the West Harbor where the
concentration of {ecal coliform reaches
3.914 individuals/1 and exceeds the
standard for recreational seawater
(2,000 ind/1). This has been caused by

Jivlangjiang Estuary

Source: Third insifute of Oceanography, S04 (1593a)

I||| j
[|||| .',l'll'l""'ll

uulslan Y
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" ’ i

u,.

-."-H,lI
‘-'-.H'HI"'- lBaczh
AT

Xiamen |sland

o Dongdu /

i
N

Huoshaoyu
Isiand

S il

large amounts of domestic wastes from
land-based sources,

The fecal coliform content in the Easiern
Channel is lower than in the West Harbor
bt still exceeds the standard: the case is the
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same with he Jinlongjiang River Estuary,
Tong an Bay has a low fecal coliform content,
which makes 1t suitable for shellfish culture
for domestic consumpition,



Figure 4.9, Spatial distribution
of fecal coliform in Xiamen
coastal waters

Legend:
1 - Tong'an Bay

2 - West Harbor

3 - Maluan Bay

4 - Jivlongjiang Rivar Estuary
§ - Oufer Harbor

6 - Eastermn Channel

ES 12indn
=] 646 inan
I 1. 187 indi
£ 1,800 inda
EER 2306 inas
BZ 3,914 inda

It 1s interesting lo note that the fecal
coliform content of Maluan Bay ranzes from
20 to 5,240 ind/1, with an averagze of 646
ind/1. The bay is seriously polluted by organic
substances from mariculture rather than
from domestic wasles {see Figure 4,94

0il Pollution — Generally, oil pollution 1s
nol a major problem in Xiamen coastal
walers, bui this is not 4 reason to loosen guard
o potential sources.

According to available monitoring data,
oil contamination 1 most serious i Maluan Bay,
with 0.058 me/l concentration in the water
column, exceeding the standard of Class 1, This
thight be due to the oily wastewater discharged
from numerous small boats used for
mariculture, and the limited water exchange
between the bay and West Harbor, West Harbor
15 second to Maluan Bay in lerms of oil
contamination fsec Fyure 4.18),

Since 1985, marine pollution
surveillance has observed floating oil on the

seq surface in addition to the dissolved and
dispersed oil, In 1989, 21 ail slick incidents
affecting over 500 m” were recorded from
Dongdu Port to southeast of Gulangyu Island,
where similar cases were found in 1990 and
1991, Fram 1984 to 1982, several il spills
occurred, of which some were detected as
origimating from factories along the coastlines
and others from illezal ship discharses,

In the West Harbor, oil pollution has
been directly caused by oil spill; and its hizh
oil content has been due to the inerease in
oily water discharges from sea vessels and
motarized fishing boats. In recent years,
however, prevention and management of cil
pollution have improved considerably,

Sea Dumping and Disposal of Solid Wastes

— The major wastes dumped at sea are Class
111 dredged materials from jetties, port basins
and navigation channels, The dumping sites
are located at Zhenghai Jiao and Tajiao (sce
figure 4.11). The Tajino site was opened in
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Figure 440, Spatial
distribution of dissolved
and dispersed oil trr@'l]
in Xiamen coastal waters

Legend:
- Tong'an Bay
- Wesl Harbor
- Maluan Bay
- Jivlongjiang River Esfuary
- Outer Harbor
- Eastern Channal

m:h-h.mh;l--l

= 0.93-1.03 mga
M 1.03-1.53 mga
R 1.38-1.81 mga
REZ 4.32.7.72 mgh

Figure 4.11, Sketch map of
potential sources of
environmental accidents in

Xiamen Municipality \ ./ ([‘/’)
Legﬂnd Q@“&% E :n?aﬁz.; \‘l J T L
A Airport -ﬁ!“# T ﬁ'“a,r B K
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Source: Institute of Environmental L koot
Science Study (1990) i
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1990 and was closed in 1995. No significant
adverse impacts have been found thus far.
Since 1990, around 0.325 million tons of
waslewater from monosodium glutamale
(MSG) production have been dumped at such
sites, However, no adverse impacts have been
detected.

The volumes of dumped wastes are listed
in Table 4.2, showing annual variations with
each total amount below one million tons per
year. The amount of wastes from MSG
production dumped at sea varied according
to levels of production. All industrial solid
wastes and domestic garbages were disposed
of al designated landfills. Rubbish such as
plastic bags, bottles, etc., which come mainly
from louscholds, recreational and tourist
facilities, and sea vessels, usually litter the
shores and offshore waters, especially after a
storm. Floaling wastes in a belt formation
reaching several kilometers had also been
observed.

Environmental Accidenis As mentioned
earlier, several oil spill incidents have
occurred in recent years. Xiamen's rapid
cconomic  development has  been
accompanied by an increase in the use of
petroleum and fuel products (e.g., LPG) and
chemicals, Consequently, the potential for
environmental damage also increascs, For
example, there is an increased risk for
Zhaishang Village where jetties and depols
of fuel oil and petroleum are located. Other
potential sources of environmental accidents
include the airport fuel depot area, the
chemical jetties in Xinglin District, and the
petroleum transshipment jetties in Haicang,

Yet, adding to the potential of these real
dangers is the lack of an emergency response
system for oil and chemical accidents, The
responsibility to prevent and respond to such
incidents rests solely with the Environmental
Protection Agzency and the Fire Departiment.
This indicates that the traditional response
approach is still reactive rather than preventive,

Sediment Deterioration and Secondary
Pollution — The sediments in Maluan Bay
are seriously polluted, thus becoming a
secondary pollution source (see Yable 4.1 and
Heure 4.3), Its sulfide content exceeds 1,636
mg/ kg, giving off a foul smell during summer
and winter, Iis organic matter content is as high
as 3.51 percent. The levels of both substances
exceed the standards. The eutrophication of
sediment is below zero, indicating its reduced
condition. In addition, the hizh content of
organic matter in the sediment poses as a
polential source for eutrophication, Also, the
concentration of mercury in the surface
sediment has reached 0.107 mg/kg becoming
a secondary pollution source.

POLLUTANT SOURCES

Land-based Pollution Sources — Land-
based wastewater discharges had increased
by about 50 percent from 1991 to 1992,
reaching about 20 million tons in 1994 fsee
Feure 4.12).

The lands that surround West Harbor are
centers of industrial and urban activities, posing
as major sources of pellution. Tong'an Bay
receives pollutants from Datong Town, Dongxi
and Xixi Streams in Tong’an County.

Table 4.2. Amount of wastes dumped in Xiamen coastal waters
1890 1991 1992 1893 1994
Dredged materials {x10‘ma) - 45.6 764 41.8 75.1
Monosodium glutamate
waste (x10'/a) 2.7 10.8 8.1 8.2 47
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Figure 4.12. Wastewater discharges A and GDP from 1990-1994

GDP (billion RME Yuan)

4
fi
4 5.06
H
il

16450 T6H1 1BIB? 1903
Source: Xiamen Stalisfics Yearbooks, 1990-1994.
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In Jimei and northeast Xiamen Island,
industrial discharges have significantly
increased. In the Eastern Channel, soil erosion
from farmlands, domestic effluents and non-

in the old town of Xiamen. Aboul 95 percent
of the wastewater discharged from this area are
domestic sewage, entering the sea directly
through nine owttalls,

point discharges are the major

pollution sources. Nonetheless, the | Figure 4.13. Location of outfalls around West Harbor

environmental quality in this area is
still consicdered good due Lo the low
level of developments in nearby areas
considering their proximity to the
open sea.

Land-based pollulion sources
are divided into several areas
according to their geozraphic
characteristics and sociocconomic
development (see Figure 4. 11). The
land-based sources of pollution in
the West Harbor were investigated
in 1989, showing 20 outfalls of
industrial and domestic effluents
{see Figure 4.13). On the other
hand, the non-point sources have
come from among the 46
agricultural units in four
subdistricts, 18 units of forestry and
barren lands, animal husbandry
and township industries, ete. The
amount of wastes from land-based
sources surrounding the West
Harbor is shown in Takfe 4.5,

Legend:
Commercial and residential | + yyap Dang Sewage Treafment Flant  1-20 Cutfalls
buildings are mainly concentrated | Source: Institufe of Environmental Science Study {1540)
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Table 4.3. Land-based pollution sources in Xiamen

A :
Wasta: mount of pollutants fron various sectors (tlal
1989¢]  Drainage rRtar coD, BOD, ™ TP P | g
Ind. | Dom. | Ind. | Dom. | Ind. | Dom. | Dom. | Agel | Dom.| Agrl
310 24 mn fat, Nat.
N, W. Dld Downtown n 347 701380 24 BRI 134 7 17
Yuan Dang Lake 993 | 1087|9242 ) 8,229) 3366 | 4.500 [ 435 a7 24
West Hul 784 | 190 369 165 48 0| 62 0.002
Xinglin 4 mz( n3| 408 62| 203| 34 o1l 78 29
Maluan 45 B3 53 N7 01| 006
East Haicanp 7 il oo | om
Jilangjiang River® 148,000 34,000 5,220 ) 765 | 440
Tong'an {22) K[ 2,FER 1,070
E. & E.5. Xiamen ls.
Subtotal®* NG | 17T NEnd) nm4) 4582 | 5396 | GhG gg| 128 | 0 4
Total** 1843 PRI a9y 1574 1281 7
1453 + TOTAL 3726 | 5685 7914 16.7
Legend:
# = Dalfa for 1989 are from the Investigation and Frediction of Pollulion Sources for West Harbar Waler
Column, Fart 1 of the Environmental Capacity and Waler Quality Control Flanning for Wast Harbar,
Xiamen. Xiarmen Environmental Science Institute, June, 1590, po. 1-56,
+ = (Jata for 1993 are from the Xiamen Enviranmental Statistics, 1933,
* = Pollutants carred by Jivlongiiang River are nof divided infa categories of indusirial, damestic or
agniculfuralinatural and are calculated according fo A=CxQ, where A is the amount of paliutants, C the
concaniration of the individua! poliufant in rniver waler, Q is the average mincff of Jiulangjiang River.
* = Subfotal and fofal do not includs the quantity carded by Jivlongfiang River,
TH = tofal nilregen oD = chemical oxygen demand
TF = iofal phosphonis BOD, = biolagical oxygen demand
IP = inargamic phosphonis ind. = industrial wastewater
Agr. = agriculture Dom. = domestic wastewster
Nat. = nature
N = ingrganic nitragen
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The Yuan Dang Lake has a drainage arca
of 37 ki, and its lakeside area is rapidly
becoming a new downtown arca due to
extensive development activities. The smount
of industrial wastewalter is almost at the same
level as domestic sewage and are discharged
lo the sea through two outfalls,

The Yuan Dang Sewage Plant has
primary and secondary treatment capacities
of 37,000 and 34,000 tons per day,
respectively. Wastewater (about 13 million
tons per vear) after secondary treatment, on
the one hand, is discharged to the sea through
the Yuan Dang Lake. On the other hand,
wastewater amounting to about 15 million
tons a year is directly discharged afler
primary lreatment.

Wastewater produced in the Huli arca
comes from industrial and domestic effluents
and agricultural wastes. The industrial and
domestic effluents are discharzed to the
outfall in this district,

In Xinglin district, wastewater comes
mainly from industries, households and
farmlands. Most industrial and agricultural
wastewaler 1s discharged into Maluan Bay,
excepl that from the Xiamen Sugar Refinery
which is discharged into Xinglin Bay. In recent
vears, wastewater produced in this area has
amounted o 17 million tons a year, and could
reach about 21 million tons yearly in the nexl
few years, However, only one sewage plant with
primary treatment capacily of 30,000 tons per
day has been under construction.

The Maluan Bay drainage system covers
anareaof 157 km®. Industrial and agricultural
wastewaler in the area is discharged into the
West Harbor through two outfalls,

In Eastern Haicang, pollution from non-
point sources is a major concern and point
source pollution has been increasing in recent
Years.

The Jiulongjiang River, being the second
largest river in Fujian Province, brings large
amount of pollutants estimated at 34,000 tons
of COD per year in 1986-1987. It carries
huge amounts of organic materials, inorganic
phosphorus and nitrozen exceeding the sum
from all other drainage areas.
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Tong an County, lying in the suburh of
Xiamen, produces 3.92 million tons of
imndustrial effluents, together with an
tiknown amount from non-point sources.
However, no stwdy has been made on land
based sources in the northeast, east and
southeast Xiamen Island.

The Yuan Dang Lake drainaze has
accounted for 75 percent of total COD, 67
percent of tolal BOD, G& percent of total
phosphorus and 34 percent of total nitrogen
discharged into the sea. The Maluan drainage
accounts for 21 percent of tolal nitrogen
discharge.

Phosphorus pollution comes mainly
from domestic effluent and less from soil
erosion, The largest contributor of
phosphorus to the West Harbor is the Yuan
Dang arca with 87 tons a year or G8 percent
of the total (128 tons). The second largest
contributor (21 percent) is the northwest part
of the old town (see Table 4.4).

Land-based solid wastes come mainly
from civil and engineering works and
households. Large amounts of construction
debris have been reported, but no data are
available,

In 19893, industrial solid wastes
consisting of coal ash, slag, chemical residues
and melallurzical discards were estimated at
0.25 million tons in 1993, However, 90
percent of these wasles were recycled, leaving
a small amount for disposal, In addition, some
Q.24 million tons of domestic garbage on land
were gathered and disposed of in sanitary
landrills,

Some chemical fertilizers and biocides
are used in the suburbs of Jimei, Xinglin and
Huli. However, no study has been done on
their impacts o coastal environment (see
Table 4.5). Reclamation without cofferdam
contributed to siltation in some areas, but its
impact on mariculture needs further
assessment.

Sea-based Pollution Sources — The most
significant sources of sea-based pollution are
ports, ships and mariculture. Sea dumping is
of secondary significance. No detailed study
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fertilizers and biocides used in Jimei,
Xinglin and Huli districts in 1990

Composite | Biocldes”

2167 | 1,650 953 155.9

Legend: # = for pesticides and fungicides,
1605 Powder and Derosal are most oftan vsed,
respectively. Organochloro, biocides such as
DOT and 666 have bean banned.

Source: Center of Environmental Science Study,
Kiamen University (1992)

Table 4.4, Amount of major pollutants entering Xiamen coastal waters
Drainage Wastewater Amount of pollutants (x 10%/a)
(x 10*t/a) COD | BOD TN | TP IP ail
N.W, Old Downtown 358 1,406 716 134 | 27 -
Yuan Dang Lake 3672 7166 | 2426 435 | 87 -
West Huli 474 369 165 78 | 6.2
Xinglin 524 518 265 39|78
Maluan 45 63 53 717 1 01
East Haicang 171 -
Jiulongjiang™ 148,000 34,000 - |5,220{IN) 265 | 440
Tang'an - - -
E. &E.5. Xiamen Island - - -
Total™ 5,065 9,522 | 3,625 2,102 | 101 280 | 440
*  calculated according to river runoff and pollutant concentrations
**  pollutants carried by Jiulengjiang River are not included
R i S There are inadequale data on
Table 4.5, Quantity (ton) of chemical mariculture as an important sea-based source

of pollution, Based on the 1994 mariculture
production of 42,725 tons, it was estimated
that about 10,000 lons of crganic wasles from
mariculture were discharzed into the sea in
the same year.

Table 45, Plluantdischargs from pors
and shipsin Xiamen

has been carried out on the distribution and
quantity of these sources. Tabie 4.6 gives some
preliminary statistics for 1988 and 1992
(excluding the data on Tong'an County).

Ships |Hand. | Qily | Qil |Sewage|BOD
no. |capa-| water |(t/a)| 10,000 | (t/a)
city (t) Kx10*t/a) (t/a)
1988 | 13,535 431 7|28 30
1992 8920 | 104 (2020 82 |37
1994 1,140
Source:
# = from the Instifute of Environmental Sclence
Study, Xiamean City {1950

* = fram the Enviranmental Impact Repart for fhe
Sacond Phase Project of Dongdy Porf, Xiamen,
undistributed report (1992)
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Mawne PorLutioN TRENDS

Changes in Coastal Water Quality — By the
year 2000, according to Xiamen's socio-
economic development plan, wastewater
discharge will range at 0.51-0.G2 million tons
per day. Population will also increase by 1.5
times (see Table 4.7). The preceding
projection will only compound the problems
in Maluan Bay, including the sea areas of
Baozhuyu Island and West Harbor, which are
already highly polluted, if no countervailing
measures are adopted, Thus, the improvement
of water quality in these areas will require the
breaching of the Maluan Causeway and the
construction of the Xinglin Wastewater
Treatment Plant,

The pollution potentials in south
Baozhuyu Island, Gulangyu Island, and in the
Jiulongjiang River Estuary need sufficient
attention, In the leng run, the increase in
wastewaler discharges will end up lareely in
lhe Wesl Harbor,

In 1990, the environmental carrying
capacity (ECC) of the West Harbor was
computed at 48 t/d for COD and 0.92 {/d
for total phosphorus. Sewage treatment will
significantly reduce the COD to a level lower
than the phosphorus amount. However, this
estimate did not consider inputs from the
Jiulongjiang River and other sources.

Environmental degradation in the West
Harbor can be prevented throush
comprehensive planning and management,
enforcerent of regulations and construction
of treatment facilities, These require adequate
impuls of labor, material and financial
ICSOULCEs.

Since the ECC study in 1990 was
conducted for the West Harbor only, impact
assessments need to be done for Tong'an Bay,

Jiulonjiang River and the Eastern Channel to

provide more information on the extenl of
marine pollution in Xiamen's coastal waters,

_ Table 4.7. Projection on population and waste water discharge in Xiamen Municipality
| Area | T .i;‘upuiaﬂu.ﬁ” Wastewat;e.r .p.rr;ﬁductiun
{ x104/d)

1992 2000 2010 | Beyond | 2000 210 | Beyond
Xiamen Island 381,636 | 542,000 | 792,000 |1,025.000 347 51 66
Gulangyu 22204 | 21400 | 20000 15,000 10 10 0.7
Jimei, Hou, efc. 58,523 | 93,300 | 182,000 | 419,000 4.5 87 20.1
Guankou, Donglu 62,346 | 72,300 | 107,000 | 724,000 3.5 5.1 34.8
Yinglin 53407 | 82000 | 116,000 | 311,000 | 38(6.0) | 56(12) 14.9
Xinyang 0,638 | 19000 | 44,000 | 240,000 | 091(5.0) [ 21(10) 115
Pafol 2,853 5600 | 13,000 | 30,000 0.3 06 14
Haicanig new town 11,362 | 22300 | 73,000 | 122,000 | 11(50) | 35(10) 59
Haicang, 20 km 22,724 | 38,500 | 87,000 | 87,000 18| 4.2(10) 47
Songyu subarea 2274 | 6,000 10000 | 17.000 | 03(06) | 0.5(1.0) 0.8
TOTAL 627,057 | 902,400 | 1,444,000 [3,000.000 | 51(62) | 82(109) 160
Source: Third Institule of Oceancgraphy, SOA (1994)
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Chapter 5:

Marine Ecosystem Featares
and Problems

In Xiamen, the inner bays, artificial lake,
estuary, outer harbor, intertidal zones
consisting of rocky shore and sandy shores,
mud flats, islands and islets serve as the
habitats for a wide diversity of marine species.
The high input of nutrients is responsible for
the relatively high primary productivity in its
coastal waters,

EcosysTEM CHANGES aND THEIR
Cavuses 1N THE WEST Harponr

Change of Habitats — The land around the
West Harbor has long been the focus of
development and still is in the next 10 to 20
years. This situation along with increased
human activities have affected and caused some
changes in the ecosystem of the West Harbar.

The reclamation of lands from shallow
waters, and the construction of causeways in
Gao-ji, Ji-Xing and Maluan since 1955 have
reduced the water surface area of the West
Harbor by 36 km? and influx by 40 percent
(1.2x 10"m™). The present water surface area
of the West Harbor during low tide is only
22.5 km?.

The present Yuan Dang Lake was
created by a causeway buill across a natural
bay in the early 1970s. Reclamation and
causeway construction have brought adverse
impacts on the marine ecosystem of the Wesl
Harbor, changing not only the features of
habitats for marine species but also the
hydrodynamic conditions.

Change in Ecosystem — The change in
habitats and the accumulation of pollutants
in the harbor have transformed the biolozical
community structure, and reduced the
number of species sensitive to environmental
change, The results of the phytoplankton
studies in 1954 and 1980 on the West Harbor
showed that the total cell counts of

phytoplankton at Xia-Gu channel had
increased; while the quantity of Chactoceros,
which are sensitive to the environmental
change, had decreased from 5.55 x 10" ind/m”
to 2,80 x 107 ind/m” (see Table 5. 1).

The corumunity siructure of zooplankton
showed a similar pattern (see ¥able 5.2). The
number of species of planktonic Copepoda
decreased tfrom 35 in 1980 by about one-
fourth to 27 in 1987, There was a reduction
of species diversity index (H) from 2.04 to
1.76, althouzh their abundance increased in
the same period. In conirast, the physical
conditions changed very little (see Table 5.3).

Aparl from the changes in marine
community structure, the Merismopedia
warmingisng, a species whose presence
indicates lake water pollution, was found off
the Yuan Dang Lake causcway in 1980. Thas
could be an evidence of change in the water
quality of Yuan Dang Lake, having received
a large amount of urban eflfluents aller its
reclamation.

During a study on red tide in 1987, the
Oithona brevicormis, an estuarine species with
a strong pollution tolerance, was recorded in
the waters of West Harbor, thus suggesling the
impacts of land-based waste discharges. In West
Harbor, the benthic community structure has
alsochanged due to waste discharges from land,
mariculture and ships,

The number of benthic species (34
benthos species recorded in four stations) in
the harbor’s upper part where pollutants have
accumulated and water exchange is less than
it the harbor’s southern part. Tn its area from
the middle to mid-south, the community
structure is considered disturbed.

Large-scale red tide outbreaks caused
by Gymnodinium and Eucampia zoodtacus
took place in June 1986 and May 1987 in
the sea areas around Baozhuyu Island in the
north of West Harbor.
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' -Taﬁle-ﬁ_ﬂ; cumpaﬁmufphyp“%u!:&tm j:uupj:_s'.ir_r Xia-Gu Channel for 1954 and 1980

August Novamber February May
1964 1980 1954 1980 1954 1980 1954 1980
081G | 0&30 joBr2 | N3 | 27 | N26 | 0205 |02/20 |021E [0w60 | 0520 | 0520
HT | HT HT | HT. | HT HT | HT | KT | BT HT | KT | HT
Skeletomema costatum | 3,450 475 9800 0 018960 420 0 0 0| 1,360 I
Mefosira sufeara 0] %0 1,260 0| 180 4820 720{ 1,590 (10,360 | 1,506 | 1,200 | 5,040
Loscinadiscus 925 | ba0| 35000 380 W0) 1640 BFO0| 360| 420( 1200 3s0| 700
Biddufphia 2000 735 140 25 26 140 10 401 140 100 0 140
Chaefocerns 3975( 200( A40 0| 263 0 ] 0| 140 ] 26] 140
Bhizasolenia 1,350 25| 8.400 o 172] 140 0 0| 560 0 0| 140
Nitzsehia 0 125] 9520 S0 25( 1,120 20 n| 700 60 0| 1260
Thalassionema 675 3,225 | 6460) 25 0| 280 0 0] 1,680 25 G0 1,660
nitzsehioides
15,275 BEA00| 775 450 14960 2170| 2980 |24.360 | 3,060 3,150 {13,720
Legend:
H.T = High Tide
Note:  Datain 1954 were results from sea areas batween Shuixiangong and Gulangyu, data in 1980 were for
stafion 78 in Xia-Gu Channal, i.e., the same sea areas of the former sludy
Saurce: Third Instifute of Ceeanography, 504 (1288)
Table 5.2. Comparison of species abundance and diversity of planktonic
Copepoda in the West Harbor (1980 and 1987)
Number of Total H' Oithama Annual Annual
species | abundance | average spp. average average
{indfm*} | water temp. salinity
("¢} (Ppt]
August 1980 - July 1981 35 158 2.04 0.2 226 287
Fabruary 1867 - January 1958 27 168 1.76 3.0 222 283
Mariation L] 10 0.28 28 04 0.4
Source;  Lian Guangshan and Lin Yuhw! [1993)
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 Table 5.3. Number of phytap!anktun, ;anpinnktun anﬂ
benthic species in Maluan Bay (1994)

Phytoplankton Zooplankton EBenthos
Bacillariophyta 38 Copepoda 19 Paolychacta 4
Fyrophyta 2 Medusa 2 Crustacea 2
Lucifer 1 Mallusca &
Amphipoda 1
Euphausiacea 1

Total a1 24 12

Source: Third instifule of Coeanagrapty, S04 (1894)

EcosysTEmM CHANGES anD THEIR
Causes in Mavruan Bay

Environmenial Characterislics — Maluan
Bay has become an enclosed water body,
having little water exchange with the West
Hatbor, The dilution effects from freshwater
runcff have zradually decreased water
salinity with an average of 23.4 ppt over the
years. In 1993, it ranzed from 2.5 10 26.74
ppt. The low salinity in the bay susgsests poor
water exchange and pollutant accumulation,

Communily Structure — Specics in Maluan
Bay arc few. Only four sroups of species have
been recorded thus far ¢see Table 5.5). Despite
the small number of species, the phvioplankion
]mpuIsLLiu:n has remained high al 1.62 x 10”
ind/m”, The dominant species ave Nitasoftia
delicatissinig, Ovelotella comia, Skelefonemia
costatum and Chactoceros arfings, Their
seasonal variation is shown in Fewre 5. 7.

The dominant benthic species are
Neanthes ::'Lm-d} prensis, Nectoncanthos
oxypoda, Nectoncanthes multivnatha,
Dendroneress prnnaticirrs, Myitilopsis salled,
Musculista senfrausia, Ruditapes philip-
pinarim, Folamocorbula nstulata and
Sermiyvia rigueti. The density and biomass of
benthic species in Maluan Bay are shown in
Fgures 5.2, 5.3 and 5.4,

Major Ecological Problems — The presence
of a small number of species with simple
structure suggests that the marine ccosystem
of Maluan Bay has been altered. In some parts

of the bay, no benthic species were found bud
their water columns had been observed (o be
high in phytoplankton. These are partial
indications of eutrophication,

The construction of the Maluan
Causeway and intensive mariculture in the
bay have caused some impacls on ils
ecosysten. The causeway itsell have reduced
the water surface area by half. The sluice
gates of the causeway are usually closed year-
round, thus blocking waler exchange between
Lhe bay and the Wes! Harbor. Tn addition, the
watter between the causeway and Baozhuyu
Island is staznant with wealk tidal currents of
omly 10 cm/'s in the upper portion of the Wes!
Harborand 20 cimds in the channel southwest
of Baozhuyu Island, In place of weak tidal
current, a local eddy current allows
suspended particulate materials to deposit in
the sea area.

In recent years, mariculture nearly
covered a large part of Maluan Bay. The
intensive mariculture activities have generted
a large amount of organic wastes (including
uneaten feeds and feeal matters) resulting in
the bay's poor environmental quality,

EcosysTEM CHANGES AND THEIR
Causrs N Tong' an Bay

Environmental Characleristics — For
Tong’an Bay, the quality of both water and
sediment is good and Falls within Class IT of
the National Seawater Quality Standards
although they contain high concentrations of
Lhe {otal inorzanic nitrogen and phosphorus.
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Communty Structurme: — Many species are found
inTong an Bay fsee Tabile 5.4). The phytoplankton
cell count shows a distinet :sm»amj variation, with
anaverage ui 913 x10%ind/m’ ,dlutgh af 3 33
IL‘J ind/m” in May and a low of 6.8x 10% ind/
m* in June (s Heures 5.5 and 5.6)

The dominant species are Chaefoceros

arftinis, Courvisetus, C debdlis, Thaldssionema
nitzseluoides, Leptocylindrus dannicus,
Nitzschioides pungens, Bacillaria paradoxa,
Asterionclla  japonica, Dactyvliosolen
thediferranens, Facterastrum hyzalinum,
Biddielpina sincnsis, Coscinodiscns centralis, C
sontesianus, Ditvlum braghtwellis, Skeletonerna
costatuniand Coratitan fusus,

Their main ecotypes include those of eury-
thermal-salinity, eurythermal-low-salinity,
high-thermal-high-salinity, high-thermal-low-
salinity and freshwater. The zooplankion cell count
also shows a clistinet seasonal var‘i.iriun with an
averige biomass of 302 my/m”, a high of Bbf:-
n@’m in May, and a low of 109 mgfm
January.
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The dominant species are Qithons
brevicorns, Labidocors cuchacta,
Centropages tenwiremis, Acartia pacifica
(Copepodal, Flenrobrachia globosa, Clytia
tolleatun (Medusa), Sagitta enflata
(Chactognatha), Preudeuphausia sinica
(Euphausiidae), and Lucifer hanseni
(Decapoda). Their main ecotypes include
nearshore warmwater, estuarine low-salinity,
nearshore warmwater, and eury-high-
thermal-salinity.

About 208 sublittoral benthic species were
identified (see Table 5.4). However, the
dominant species are: Sternaspis sculata,
Euniphiysa aculeata, Terebellides stroemy,
Lumbrinerts nagae, Diopatra chiliensts, Tharyx
muanion, Haploscoloplos (Polychacta); Saccella
ctispcdata, Trigonothracen pnxingae, Nicula
nucleus and Muscudsta senhansia Mollusca) ;
Neoxenophthaimus obscurus and Xeno-
phthalmus pinnotheromdes; Ampluoplus laevis,
Dowgaloplus echinatus, and Acaudinag
mofpadiondes (Echinodermala),
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Source: Third instifute of
Oceanography, S04 (19832)

Figure 5.3. Spntlal
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Legend:
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F[gura 54, Bpatial
 distribution of banthic
‘ htamass in Maluan an

Legend:
«  <tgim’
e 25-50 gim¥

e 100-250 g /nv?
@ 250-500 g/m?

Source: Third Instifule of
Oceancgraphy, S04 (1833c)

Average biomass and total density of the
above benthos are measured at 127 s/ m” and
642 ind/m”, respectively, The distribudion by
species and biomass is shown in fgures 5.7,
S&and 5.9

fabie 5.4 shows 233 inlertidal benthic
species, with an even spatial distribution, The

dominant species are: Cerfoneroseryifitracensss
Sternasprs scntata, Glveera subaenes, Centhidae
cingulata, Nassarius spp., Retusa boenesis,
Musculista senhausia, Latermida marilina,
Macrophthalmus japonicus, Uca (Deltuca)
arcuafa, U (Celuca) factea factea, Hyoplax
tansuyiensis and Macrophthalmus tomenfosus.
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Table 5.4. Number of phytoplankton, zooplankton and benthic species in Tong'an Bay
Phytoplankton Zooplankton Benthos Benthos of
intertidal zone
Bacillariophyta | 80 Copepoda 37 | Palychaela T Polychasta [is]
Pyraphyta 14 Medusa 21 | Crustacea 40 | Cruslacea 43
Lucifer 3 | Mollusca 51 | Mollusca 72
Amphipoda 2 | Echinodermata 14 Echinodermata | 12
Euphausiacea 1 | Benthic fish 19 Algae 5
Chaelognatha 6 | Cthers 10 | Others 26
Mysidacea 2
Aceles i
Ostracoda 1
Larval plankion | 10
Total 84 84 208 233
Source: Third Instituto of Oceanography, SOA [1554)

Figure 5.5. Seasonal variation of total
- phytoplankton cells in Tong'anBay
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Source: Third (nstilute of Ocaanography, S0A [1923b)

The quantity and biomass of soft bottom
mtertidal benthos by major groups in Pantu
and Houtian of Tong'an Bay are shown in
fgures 510 and 5.7 1.

In general, the biodiversity and biomass
of intertidal and sublittoral benthos in
Teng'an Bay are higher than those of other
waters, thus indicating its better
environmental quality.

6bh

Main Ecological roblems in Tong’an Bay
and the Prolection of Branchiostoma
befcheri — The construction of the Gao-Ji
Causeway, the reclamation of mud flats and
mariculture are the major issues concerning
their effects on Tong'an Bay ccosystem.
However, the impact of waste discharges is
nol considered sienificant,

The construction of Gao-Ji Causcway
and its accompanying reclamation reduced
the navigable arca by 30 km? and another
35 km* by maricullure. These activities have
polluled the water causing some  adverse
eltects on marine ecosystem,

The population of Branciliostoma bolohers
cortumenly known as lancelet has declined ancd
its habitats have moved outward, Also, the
increase in mariculture, especially shellfish
culture which consumes large quantities of
phyvtoplankton in Tong'an Bay, has reduced the
biomass of phyloplankton in that area.

The lancelel, a rave warm waler benthic
species found in coarse, sandy sediments in the
middle and sublittoral intertidal zones of
Xiamen’s coastal areas, is an ideal specimen for
the study of the evolution and development af
Chordata. I is listec in Catezory 1L of plants and
anumals which need government protection,

I terms of Xiamen's fishing srounds,
the one near Liuvwudian, Tong’an Bay, had
an avea of 22 k" before 1956 with an annual
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Figure 5.7. Spatial distribution of
benthic species in Tong'an Bay
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production of 70- 150 1ons and the highesl vieldat
282 tons. Since 1970, fish catch has drastically
declined to only abouta tor. The change from sancly
into silty sediment due to reclamation near
Livwudian and overfishing in Tong'an Bay were
attributed to the depletion of Branciioston
belcherd. To prevent further decline in their
population, the Xiamen Municipal Government
approved the establishment of prolected areas tor
lancelets fse Hgroe 5 020,

EcosysTEM CHANGES AND THEIR
CAUSES IN THE ESTUARY
AND THE OuTER HARBOR

Environmental Characleristics — The
Jiulongjiang River Estuary, which is
administered by Dboth the Xiamen
Municipality and Zhangshou Cily, has a
tarrow mouth and a large inland body, Ts
harbor, the Quter Harbor, has a water depth
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 Figure 5.8, Spatial distribution of
 benthic density in Tong’an Bay -

Legend:
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Saurce: Third Instifule of Oceanography,
S0A (1933c)

Figure 5.9. Spatial distribution of
benthic biomass in Tong'an Bay
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Source: Third Institute of Oceanography,
S04 (1983c)

of 7-20 meters and its northern side faces
the golden beaches of Gulangyu Island, the
Hulishan and the Baishi fort,

The water of the estuary is hyposaline at
the surface and saline at the bottom, The
water column is a mixiure of 55 percent
offshore walter and 45 percent freshwater.

Dissolved oxyzen, COD, inorganic
phosphorus and oil contents fall within Classes
1 and II of the National Seawater Standards.
However, the inorganic nitrogen conceniration
usually exceeds Class 11 standard. The fecal
coliform count is high, exceeding 1.0 x 10" ind/!
at the mouth of the estuary and below 1.0 x
10" ind/1 in the Quier Harbor during flood
season in May and June.

The quality of sediment is generally good
except in the northern coast of Jivu Island
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and in the southern coast of Haicang. The
levels of sulfide and organic substances in
sediments have not exceeded the standard.

Community Structure — Specics recorded in
the area (in the estuary and Ouler Harbor) are
listed in Thble 5.5

Fhytoplankton cell count has an average
of 1.06 x 10%ind/m” and a minimum of 5.90
x 10%ind/m"” in the month of May (see Foures
G iSand 5.714).

The dominant species are Chaefoceros
curvisetus, Skelefonema costatum, and
Thalassionema nitzsciioldes,

For zooplanidon cell count, the maximum
lotal biotmass and density have reached 626.7 mg/
m” and 462.0 ind/ m’, respectively in the month
of May. The dominant species are Labvdocers
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Table 5.5. Number of phytoplankton, zooplankton and benthos species in the Jiulongjiang
- Bens il ~ Estuary and the Outer Harbor ; :

Phytaplankton Zooplankton Eenthos
Bacillarophyta g7 Copepada 34 Palychaeta G0
Fyrophyta 18 Medusa 23 Crustacea 36
Cyanaphyta 1 Lucifer 3 Muollusca a6
Chrysaphyta 1 Amphipoda 5 Echinodermata 5
Chlarophyta 1 Euphausiacea 1 Benthic fish 1%

Chaetognatha 7 Othars 12
Mysidacea 5
Aceles 1
Ostracoda 3
Cladocera 2
Fleropoda 1
Lepiocchela 1
Larval plankton 10
Total 119 a6 184

Source: Third tnstitute of Ceoanography, SOA (1994)

- Figure 5.10. Vertical distribution and composition of benthos in
' soft bottom intertidal zone of Tong'an Bay

a, Pantu b, Houtian

%o

Source: Third institite of Qceanagraphy, S04 (1853¢c)

Figure 5,11, Distribution of biomass of benthic communities in soft bottom
intertidal zone of Tong'an Bay.

a. Houtlan b, Pantu
on| 176 alm? =

EZ]Polychaetal__] Mallusca [E55] Crustacea liEchinodemmata[7] Cthers

Source: Third Institute of Oceancgraphy, S04 (1993c)
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Figure 5.12. Sketch map of Xiamen nature reserves
for Branchiostoma belcheri '
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of Jiyu Island (with an averagze of 290.G
g/m”) and around Yuziwei (with an
average of 111.8 g/m”"). Low value, on
the other hand, is found in the western
coastal waters of Jivu Island with g
range of 1-52/m".

The total density decreases from the
Quier Harbor inwards, Density values
are 100-2,500 ind/m” in areas east
of Jivu Island; 50- 100 ind/m” in areas
westof Jivu Island; and 15 ind/m” in
other arcas. Biodiversity index, with
an average of 2.85, is higher in the
Quter Harbor and lower in the
estuary.

Major Ecological Problems and the
Protection of the Chinese White
Dolphin and Mangroves — Port
development, marine fishing,
mariculiure and land-based waste
discharges affect not only the waters
within XDS, but also beyond,
including Zhangzhou City, the upper
basin of Jiulongjiang River and Jinmen
Islands. Four jettics with a loading
capacity of at least 10,000 tons are

cuchaeta, Schmacheria poplesig and
FPleurobrachia globosa, The nearshore
warmwaler species are the most abundant.

Figure 5.13. Seasonal variation of total
phytoplankton cells in the Jiulongjiang

Estuary and the Outer Harbor

Qut of 163 benthic species, the dominant
ones arve: Slternaspis scubata, Mediomastus
caltforniensis, Diopatra chilicnsis, Tharyx
mariont, Opheling acuminata, Glycera chirori,
Trgonothracia finxingae, Nassarius succinetis,
Hexapus anfractus, Neoxenophthalmus
obscurus, Xenophthalmus pinnotheroides,
Eriocheir leptognathus, Amphiophs laevis, and
Frofankyra bidentata. The number of species,
biomass and density of benthos are shown in
fnmes 5715, 5, 16and 5,17,

The number of benthic species has
decreased as their distribution moved from
the Quter Harbor to the estuary. There are
fewer benthic species in the estuary and its
QOuter Harbor than in Tong’an Bay.,

The distribution of benthic biomass varies

Ceall Counting (x 10" ind/m?)

Source: Third Institute of Oceanography S04 (1993b)
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with high values in the southeast coastal waters
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[] 1038 variation of dominant
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being constructed  at Sonzyu, Qianyu and
Dashiken at the southern coast of the estuary.
Mariculture is concenlrated in - aveas under
the jurisdiction of Zhangzhou City. Cultured species
include prawn, oyster, razor clam and Forpafyrs
with a total annual production valued a1 20 000
Yuan from an avea of 12.58 km” alone but
including 6.5 km” for oyster culture, The
mariculiure area under the administration of

Niamen Municipality is less than [ km”,
Mariculture has become an imporiani
source of income for the local residents
Another is fishing which employs small
fishing boats to calch shrimps, crabs, small
Irash fish and eel fry. Although eel fry is the
main eatch of the locals, its serious deplelion
has prompted the authorities to impose
meastres to suslain eel fry resources,
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Figure 516, Spatisl
distribution of benthic
biomass in the
Jiulongjiang Estuary
and the Outer Harbor

Legend:

« < 100 gim?

e 100-250 ginv’
e 250-500 g/m?

Source: Third Inshitufe of
Oceanography, SOA (1833c] | |

Figure 5.17. Spatial
distribution of hanthlc
densityinthe
Jiulongjiang Eatuary
-and tha ﬂuter Harhﬂr

Legend:

o 10-25 indiny?

e 25-50 indim?

® 50-100 indim®
@ 100-250 indim?’

Source: Third Instifule of
Oceancgraphy. 804 {1933z)

In terms of wastewater discharges, the
economically-developed areas of Qianyu,
Gulangyu Island and the Zhongyin
Developriient Zone are projected to produce
combined wastewater discharzes amounting 1o
740,000 1/d by 2010.

Although the estuary and the Quler Harbor
have good water cxchange, such projected amound
of discharge could have serious implications. It
is important, therefore, to assess their possible
impacts and formulate strategies fo counter such
impacts, The impact-laden activities (j.e., land-
based waste discharge, mariculture, etc.) already
mentioned affect not only the estuary and its
Outer Harbor but also arcas outside the XDS,
such as Zhangzzhou City, the upper basin of
Jiunlongjiang River and Jinmen lsland.

F .

The Chinese white dolphins (Sousa
chinensis) found in the waters of the Outer
Harbaor and the estuary are included in the list
of protected species. It is said that dolphins
discouraze sharks from attacking swimmers,
Because of this, the local people consider the
white dolphing as the Tressure of the Fort. In
the 1990s, unfortunately, their number has
declined, and they can be found only in Xiamen's
affshor: waters,

Mangroves are mainly found near
Haimen Island ouiside of the XIS, However,
the areal extent of 100 ha has significantly
decreased from the former area of 300 ha.
small groups of mangroves within the
Xiamen Municipalily can be found in
Haicang, Dongyu Island and near Jivu,



Chapter 6:

Legal Framework on the Protection
and Management of Xiamen’s Coastal Waters

Legislations definitely play a vital role
in the protection of marine environment.
Their importance is dictated by the legal
necessity to determine and define
managzemenl siruclure, processes and
maodalities; marine environmental quality
standards; major measures for the prevention
and mitization of pollution to ensure these
standards; the legal liabilities resulting from
vielation of the marine environmental
protection laws and rezulations; and the
rights and procedures for environmental
managzement and enforcement of laws.

However, previous experiences clearly
show that enacting environmental laws with
all the accompanying penalties is one thing;
enforcing and implementing them is another.
Morte often than not, the problem lies in the
enfarcement,

Legislalions are effective inasmuch as
they are adequate. Their provisions are clearly
defined and strictly enforced. However, laws
or regulations are certainly not enough, The
presence of sufficient means and logistics to
prevent or mitigate marine pollution is
equally important.

MariNE ENVIRONMENTAL LEGISLATION

Under Article 58, llem 1 of Articles 89,
90 and 100 of the Constitution of the People’s
Republic of China, the National People’s
Representative Congress and Its Standing
Comimittee, the State Council and its
administrative departments and commissions,
and the Local People’s Representative
Conzress and its Standing Comumittee have
the power o enacl laws relafing to marine
protection and management.

National People’s Represeniative Congress
and Its Standing Committee — The National
People’s Representative Congress and Its

Standing Committee is the Government's
lawmaking body that has the power 1o enacl
laws for the State. Thus, the application and
scope of the marine environmental laws it has
passed cover the whole nation,

The State Council and Ns Marine
Administrative and  Environmental
Protection Agencies — According to the
Constitution of China, the State Council is the
organ tasked to pass administrative measures
and rules, promulzate decisions, and issuc
orders, The rmeasures passed by the State
Council are mainly administrative in nature,

In case of conflict between the laws
passed by the National People’s Representative
Congress and its Standing Committee and
those enacted by the State Council, the former
shall override the latter,

The  State  Council’s marine
environtnental administrative agencies, such
as the State Oceanic Administration (SOA),
the Environmental Protection Agency (EPA),
and others, shall—in accordance with
relevant laws, administrative rules, decisions
and orders—issue orders, instructions and
regulations known as Department Rules
within their jurisdictions,

The Department Rules shall not
contradict the laws and administrative
regulations passed by the State Council, In
addition, their lezal applications cover only
those subjects administered within the
department authority and other departments
or agencies as may be authorized by the State
Council,

Local People’s Representative Congress and
Its Standing Committee The Feople’s
Representative Congress and its Standing
Committee of provinces and municipalities
are directly under the Central Government,
Provinces and other municipalities, with a
higher level of autonomy, have the power 1o
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enact local laws and regulations provided
these are not in conflict with existing national
laws, The laws passed by this body are
registered by the Standing Commitiee of the
National People’s Congress.

The power to enact laws for the Fujian
Frovince, of which Xiamen is pari, belongs
to the province’s People’s Representative
Congress and Its Standing Committee,

The Xiamen People’s Represeniative
Congress, Its Standing Commitiee, and the
Niamen Municipal Government — On 20
March 19924, the Xiamen People’s Representative
Congress and Its Standing Commitlee abtained
the mandate to enact laws at the municipal level.
It was further authorized by the National
People’s Representative Congress to pass laws
and regulations covering the Xiamen Special
Economic Zone. Atthe municipal level, thisbody
can pass laws relating to the protection and
management of Xiamen's coastal waters. It was
also  empowered to determine the
administrative jurisdiction of the XDS.

NationaL Poricies on MARINE
ENVIRONMENTAL PROTECTION

There are pertinent laws and regulations
oft marine protection and management
promulzated from 1983 to 1990. These laws,
which are mostly national in scope, are listed
in Table 6.1.

The Scope of Nafional Folicies on
Marine Environmend

Territorial Scope — The Marine Ermvironimental
Frotection Law of the Feapie s Republic of China,
as provided for in Article 2, shall apply to China's
internal waters, territorial seas and other waters
under China’s jurisdiction,

As provided for in Item 3 of Article 2,
the law also applies to the discharze of
harmful substances and the dumping of
wastes in sea areas beyond the jurisdiction of
the People’s Republic of China but have
caused pollution fo spread to its territorial
walters.

Table 6.1. Laws and regulations on marine environment

Title

Date of
promulgation

. The Marine Environmental Protection Law of the Peopla's Republic of China

23 Aug. 1982

2. Regulations of the People's Republic of China Concemning Environmantal Protection

in Offshore O Exploration 29 Dec. 1983
3. Regulations of the People’s Republic of China Concerning the Frevention of Pallution in

Sea Areas by Vossels 28 Dec. 1983
4. Regulalions of the People's Republic of Ching Cancerning the Dumping of Wastes af Sea | 6 Mar, 1985
5. Fisheries Law of the People's Republic of Ching 1 Jan, 1986
6. Regulations for the Implementation of the Fisheries Law of the Pecple’s Republic of China | 14 Oct. 1987
7. Regulations of the People’s Republic of China Conceming the Prevention of

Enviranmental Pollulion by Ship-braaking 18 May 1988
8. Rules for the implementation of Laws on Water Fravention and Curafion

of the Peaple’s Republic of China 12 Jul. 1988

9. Regulations of the People's Republic of China Conceming Pallution Damage fo the
Marine Environment by Coastal Construction Frojects

25 May 1490

10. Regulaticns of the People's Repubiic of China Concerning the Prevention
and Damage to the Marine Enviranment by Land-based Pollutant

25 May 1380

11, The Interim Reguiations Concering Management and Use of State Seawalars

31 May 19593
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Scope of Obhjectives — The Marine
Environmenial Profection Law of the Feople s
Repubic of China, as provided for in Item 2
of Article 2, applies to any ship, platform,
aircratl, submarine, enterprises and
individuals undertaking navigation,
exploration, exploitation, production,
scientific research and other activities within
the territorial waters of China.

In addition, the law stipulates that
individuals performing those activities have
the responsibility to protect the marine
environment of China. They have the
obligation to supervise and rveporl any
behavior and/or source of pollution adversely
affecting the country's marine environment.

Management Approaches lo Protect Marine
Environment — Laws and resulations, such
as the Lnvironmental Protection Law and the
Marine Environmental Frotfection Law of the
Feople’s Republic of China, which embody the
basic principle of environmenial protection
that puts primary inportance on prevention
and mitigation, have adopted the following
appreaches for marine prolection and
manazement:

= Environmental quality standards,

+ Key protection areas of marine

environment;

+  System of three-concurrency (i.e.,
development projects and their
tacilities for pollution prevention and
mitization must be simultancously
designed, constructed, and pul into
production);

= System of application, registration,
and licensing of pollutant discharge,;

= Pollutant discharge fee;

»  System of pollution control deadline;

+  Compulsory emersency measures;

+  Monitoring, surveillance, and
inspection;

= Marine pollution reporting, and

»  Administrative penalty,

Lezal Liabilities:

«  Administrative liabilities;
+ Civil liahilities;

o Criminagl labilities; and
«  Dsciplinary sanctions,

Frocedures for the Enforcement and
Judicature of Marine Environmental Laws
— The effective implementation of laws
(specifically environmental laws) needs a set
of well-defined and systematic procedures.

Without implementing rules and

guidelines, zovernmenl! authorities and
agencies will only find it difficull o
implement laws in their areas of junisdiction,
as looploles may arise. In addition, the
presence of such guidelines will ensure that
the concerned adminisirative department
performs its functions efficiently and guide
the conduct of its personnel in performing
their duties relating to marine protection,

There are lwo sels of procedures in

implementing  the country's marine
envirommental laws:

» A set of unified supervision and
manazement procedures have been
stipulated in the Interim Rezulations
Concerning the Managzement and
Use of State Seawalers. However, the
general procedures on marine
enviremmental management have not
been formulated,

» Judicial procedures concerning
enforcement of marine environmental
Laws and adjudication.

Institutional Arranzements for Marine
Environmental Management — As stipulated
in Article 5 of the Marine Environmental
Frofection Law of the Feople’s Republic of
China, the Invironmental Prolection
Administration under the State Council is in
charge of marine environmental protection
for the whole country.

The SOA is responsible for “comprehensive
marine management,” organizing scientific
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investigation, monitoring, surveillance and
rescarch on marine environmenlt, It is also in
charge of protecting the marine waters againsi
damages caused by oil exploration and
exploitation, as well as waste dumping at sea.

In the People’s Republic of China, the
Harbor Superintendency Adnunistration, the
State Fisheries Management Bureau, the
Fishery Harbor Superintendency and the
Environmental Protection Department of the
Armed Forces are all responsible for the
supervision and surveillance of port, fishing
and navigational activities, including
pollutant discharges from civilian ships, ports,
fishing beoats and military vessels.

The Environmental Protection
Departments of the coastal provinces,
autonomous regions and municipalitics
directly under the central government are
responsible for coordinating, overseeing and
monitoring marine environmental protection
activities in their respective administrative
areas. They are also in charge of protection
against damage from coastal engineering
projects and land-based pollutants.

The State Environmental Protection
Administration assuies general responsibility
for protecting the enviranment as a whole, The
coneerned departments of the State Council
also share responsiblities and interact with
the provincial and local government units and
other sectors.

LocarL MariNg ENVIRONMENTAL
REGULATIONS (Fujian Province and
XNiamen Municipality)

Purpose of Local Legislation — The Local People’s
Representative Congress and Its Standing
Committee enact local marine environmental
legislations by imitially conducting a public hearing
and considering the indigenous practices. Such
legislations are applicable only to the local
administrative districts.

The purposes of these legislations are: (1)
{o define national marine regulations in relation
to local application; and (2) to formulate specific
regulations or local measures to safeguard the
local marine environment.
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Legal Bases — The legal bases for the local
legislative body 1o adopt local regulations on
marine profection are:

+  The rights and power of the Fujian
Province and Xiamen Municipality
People’s Representative Congress and
[ts Standing Commitiee to enact laws
are embodied in the Constitiiion and
authorized by the National People’s
Representative Congress;

+ Hem 2 of Article 47 in the Marine
Environmenial Protection Law
authorizes the Standing Conunitlee of
the People’s Representative Congress
and the People’s Government of the
coasial provinces, autonomous regions
and municipalities directly under the
central government fo, in accordance
with this law, adopt specitic measures
with due consideration of the actual
local conditions;

»  Articles 6 and 7 of the Law for the
Frevention and Mitigalion of Waler
Follution and Article 38 of the
Petadled Rules and Regulations for
the Implementation of the Law for
the Frevenlion and Mitisation of
Water Follution authorize Lhe Local
People’s Government to formulate
supplementary standards concerning
the local aquatic environment; adopt
rezulations on local pollutani
discharge which could be stricter
than the national regulations; and
report to the State Environmental
Protection Administration for record
keeping; and

= Arficle 35 of the Regnfations of the
Feopie’s Kepublic or Cliina Concerning
the Prevention of Follufion Damagee to
the Martne Environment by Land-
Based Follutants and Article 32 of the
Kegulations of the Peoples Kepublic of
Chuna Concerning the Frevention of
Follution amage foMarsie Ernarornicht
from Coastal Construction Frofect
authorize the People’s Government of
the coastal provinces to formulate
specific  measures with  due



CHAPTER & LEGAL FRAMEWQRE QN THE PROTECTICN AND MANAGEMENT OF XIAMEN COASTAL WATERS

consideration to the aclual conditions
of its administrative region.

Legislative Guidelines for Marine
Environmental FProiection of Fujian
I'rovince and Xiamen Municipality — There
are several local marine environmaental
regulations enacted from 1986 to 1994, which
are being implemented in Fujian Province and
Niamen Municipality @ee Tabe 6.2}

The Kegulations for the Environmental
Froteciion of the Xramen Municipalify
(herein referved to as Kegulations) laid the
groundwork for environmental legislalions
of the Xiamen Municipal Government,
However, the concormitant regulations and
management procedures have yet to be
formulated.

Major Contents of the Marine Environmental
Legislations of NXiamen Municipality — In
relation to national legislations on marine
environment, the marine laws and
regulations of the Xiamen Mumcipality
contain the following basic characteristics:

» Basic  principles  of
environmental legislation are further
defined,

»  Distinctions on the functions and
responsibilities of the vanous manne
envirormental protection orzanizations
are macde clear,

»  Establishment ef the system for water
resource protection;

«  Protection of the coastal environment;
and

= Protection of the Yuan Dang Lake
environiment,

frarine

Approaches to Marine Envirommental
Managzement in Xiamen Marine
environmental manazement in Xiamen
involves the following approaches:
* Local environmental quality
standards (Functional Zonation and
Waste [ischaree Standards of the
Xiamen Municipalitn,
+  Environmental Impact Assessment
(EIA) on the develepment and

exploitation of waler resources and
construction in development zones
(Arlicles 11 and 19 in the
Kesulations),

A system of three-concurrency for
consiruction prajects (Article 21 in
the Negudations);

A system of review and approval for
EIA of construction projects (Article
18 in the Revudations);

A system of application, registralion
and licensing for pollutant discharae
(Article 34 in the Kegulations),
Imposition of pollutant discharge fees
(Article 33 in the Regulaiions),

A schedule for pollution contral
deadline for projects which damage

the environmenti

by way of

mitization, correction, shul-down,
suspension, transfer of business line
and moving of project site (Articles
14, 15, 21, 43, and 44 in the

‘oenilintionsy,

+ Asystem of limiting working time or
polluwtant discharze time and unit

Title

Data uf
promulgation

intenm Provisions Concarning
Resoureas Protection and
Management of Sand, Stone
and Soil

1986

Provisions Cancerning
Management of Siorm Sheller
at Shapowel Fishing Port by
Xiamen Municipal Govemment

1989

Measures Concerning the
Management of Yuan Dang
Lake ir Xiamen Cily

Funetional Zonation and
Standards of Waste Discharge
of Xiamen City

1854

Regulations for Enviranmental
Fratection of Xiamen City

1954
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quantity which produce severe
environmental pollution and other
public hazards (Article 36 in the
Regulations);

+  Environmental supervision and
monitoring (Articles G and 35 in the
Reguilations),

+ Accidend reporling and emerzency
response (Article 37 in the
Regulations); and

«  Administrative punishments by
means of penalty, deadline for
improvement, correction or business
suspension by order and other means
(Articles 38-45 in the Regulations).

Supervisory Mcechanisms for Marine
Management Measures — For the purpose
of supervising the conduct of marine
manazement, several mechanisms have been
adopted as follows:

* Responsibility system for overall
environmental proteclion targets;
Quantitative confral system of
comprehensive  environmental
improvements {(Item 1 of Article 3
in the Keglations),

s Integration of environmental
protection plan into the national
economic and social development
plans;

+ Inclusion of cxpenditures for
preventing and mitigating pollution
into the government budgets (ltem 2
of Article 3 in the Regulations); and

* Requirement for entities causing
environmental pollution and other
public hazards to include the
environmental protection issues and
problems into their management
agenda and technical reform plan
(Article 24 in the Rovwlaifons).

Comparisons of the National Legislation
with the Local Legislation of Xiamen
Municipality — Though national and local
lezislations tor marine environmen! share the
same objective (i.e.. proteclion and
management of the marine environment),
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some differences arise as to their scope and
application.

Nevertheless, these differences only
serve as points of comparison and not as
hindrances 1o the overall objective because
they actually complement each other.

Basically, national lezislations on matine
envirommental protection are general or
comprehensive in scope and serve as the basic
lezal framework for local legislations.

The local legislations, on the other hand,
are specific in scope and application, such that
legislations passed by the lawmaking boedy of
Niamen Municipality arve effective only within
1ts jurisdiction or as specified. For example, to
protect the Yuan Dang Lake from pollution,
specific regulations have been adopted to
address such problems in the said area.

lowever, the institutional arrangements,
measures of management, liabilities as
determincd by national lezislations and those
provided for by Xiamen’s local lawmaking
body are more or less the samc.

It is worth noling that Xiamen’s local
lezislations pay attention to the supervision
ol marine management measures by sctting
responsibility tarzels and environmental
protection plans for government institutions
down to the pollution-producing entities.

Legislations that define the rights and
responsibilities of national agencies and local
government units in terms of marine
protection and manazement will strengthen
the mechanisms for the implementation and
supervision of environmental measures,

In Xiamen Municipality, there are local
legislations thal limit the quantity of waste
discharges of pollution-producing entities
within a cerfain timeframe.

Tue ICM TARGETS AND THE ExisTING
Laws aND REcuLATIONS

Integrated Coastal Management — ICM as
promoted under Agenda 21 of the United
Nations Conference on Environment and
Development (UNCED), is a viable mechanism
to address coastal issues including marine
pollution from a mulli-user perspective,



The Regional Frogramme for the
Preventlion and Management of Marine
Pollution in the East Asian Seas (MPP-EAS),
has identified Xiamen as one of its three
demonstration sites for the mitization of
marine pollution arising from economic
development by using the ICM ramework,

Currently, Xiamen’s coastal zones have
been experiencing development problems that
basically involve conflicts among various
sectoral activities like agricullure, fisheries,
navigation and coastal urban development, elc.

The ICM framework can be effective
ziven the following clements:

= Pollution management in the coastal

zones requires the coordination
among various inslitutions and
agencies with mandates on tishery
administration. tishing port, harbor
supervision, maritime safely,
environmental protection, land
management, cte,

*  Coastal pollution management also

calls  for coordinated and
complementary requlations covering

various seclors, such as the faw of

Waler, Law of Liend Manavement, faw
of Mineral Resources, Law of Fishery,
Law of Marine Environmeniad
Frofection and Law of Emaronmental
Frofection,

Under the ICM framework, such issues
being faced by Xiamen could be addressed
by developing o comprehensive coordination
and managzement mechanism for the
prevention and mitization of pollution in its
codstal areas.

Existing Problems Concerning Marine
Environmental Protection — [n view of the
need to use an intezrated approach to coastal
management, the coastal zone should be
taken as a continuum and treated as an
CCasystem,

In Xiamen, present laws and regulations
on marine environment apply separately to
sectors with individual concerns and
interests, Thus, each sector addresses
problems of pollution, which can spread

across sectors and boundaries, arising within
their specific areas.

An integrative mechanism is, therefore,
needed to unity individual sectoral efforts
in addressing pollution problems that have
cut across sectors and boundaries.

In addition, the enactment of new local
laws and regulations should take into
account this situation and also attempt o
itegrate efforts of various government
agencies working on marine environment
protection and management. On the other
hand, old laws that are not responsive o
this predicament need to be reviewed and
improved.,

Al present, no mechanisim tor ICM has

been established. Under the environmenta)

protection laws of China, the State
Environmental 'rotection Administralion of
the State Council is tasked with national
environmental management as a whole.
The SOA, Harbor Superintendency, Fishery
and Fishing Port Superintendency, and
Military Environmental Proteclion are
responsible for the management of their
own sectors.

Although the functions and responsi-
bilities on environmental protection of
different departments are adequately defined,
they are not effective in dealing with cross-
sectoral management problems, thus leaving
them unresolved, Another factor is that local
cnvironmenial departments are authorized by
law to perform the coordination function but
this has not been fully executed due to lack
of either specific coordination procedures or
mechanisms. For this reason, an integraled
managzetment mechanism is needed.

Previous experiences have shown that
resource rmanagement when integrated with
environmental protection is effective in
achieving sustainable developmenl. China, for
instance, has not established such integrated
approach, However, a similar mechanism is
contained in the /nferim Regulations
Concerning Manggement of the Use of State
Seawaters bul is only applicable to the use of
the sea. As provided tfor by the said law, the
marine administrative department will
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exercise, aside from coordination, overall
supervision and management concerning use
registration, 1ssuance of use permit and use
fee systems in the marine area; while other
departments are responsible tor the initial
review and approval. Under this setup, the
marine administrative department will
enisure that management targets conform to
overall societal interest rather than to
deparimental interest should use conflicts
arise, Ideally, such mechanism should be
more integrative than coordinative. However,
this is not easy lo achieve as there are rules

lo follow per department, as well as local and
national laws 1o conform with, otherwise
legal problems or impediments may arise,

As a concrete example, department rules
(e.z., the {nterim Kegulations) have no power
to prevail over other sectoral laws and
regulations. The State Council or the Standing
Comiiittee of the National People™s Congress
has the power to modify the law or legal
suideline in question.

Thus, it is necessary for an integrative
mechanism to delineale the functions and
responsibilities of various agencies which

| Exclusive development activities
using sea areas for over 3 months

Sectoral departments in charge |'

application |

project
formulation |

Marine administrative
department

|EH::-1;JR, approval,
| permit

S2a aleads user

1

sectoral beneafit:

management; and

SEd areas,

(1) preliminary approval of project by sectoral depariment in-charge to secure

(2)  final check, approval, and issuance of permil by marine administrative
department to ensure thal legal requirements are met;

{3)  participation in management by sectoral departments in-charge and marine
administrative departmen!, embodying sectoral integration of marine

(4)  nodirect coordination among sectoral depariments and marine administrative
departments concemed to assure efficient management and utilization of

Source: infanim Rogulations Conceming Managemsant and Uise of Stsfa Seawalors
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have specific mandates on marine
environment protection and manazement. It
also has to take into account the need for a
multi-sectoral and collaborative effor! to
marine pollution contrel and manazement,

Other problems that impede marine
protection and management are due to legal
issues, One problem is that procedures for the
effective enforcement of laws by concerned
agencies have not been formulated,

Also, existing resulations have not
adequately defined pollution accidents by
ships, Prevention and miligalion measures
remain saddled by this madequacy when
taced by other types of accidents not defined
i a specific regulation.

In case of pollution accidents, such as
large-scale nearshore oil spill or spill of
dangerous chemical goods anising from ship
collision; grounding or fire where neither
pollution-combating facilities onboard nor
cmergency measures can contain the rapid

spread of the damage; the issue of
compensation, persons to be held liable, and
claimants in the oil pollution accidents have
remain undefined. Coastal areas, such as
Xiamen, need legislations that resolve these
ssues on pollution accidents for their own
interest and benefit,

Another problem is that penalties or
liabilities contained in the regulations on
public hazards are hardly implemented due
to vague judicial requirements and
procedures. In disputes concerning civil
damagze compensations from public hazards,
it 1s very difficult to prove the specific causal
effect of pollution and corresponding damagze.
Therefore, in order to protect the rights and
interests of the aggrieved, the law should
specifically provide that in such disputes or
cases, the complainant is only obliged to show
a proof of damage. As for the cause of the
damagze, it should be up to the accused
polluters Lo prove otherwise,
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Chapter 7:

Environmental Management Status
in Xiamen Coastal Waters

MarinE MANAGEMENT SYSTEM

At present, the management of marine
resources and enviromment is done through
the traditional sectoral approach at different
levels.

Institutions Involved with Marine
Management — Institutions and agencies for
marine environmental management are
established by the State in accordance with
the rights and responsibilities to uphold the
nalional anterest as defined by the
Constitufion,

several departments or agencies from
the central zovernment tlozether with
concerned units of the municipal government
form the Xiamen marine management system
fsee Feures 7.0 and 7. .2), The Xiamen
municipal government units are described as
follows:

The Comrission of the Sea/Frontier
Defense of Xamen Municipality is
the coordinating body for the
comprehensive management of
marine [rontier affairs.

A branch of the Office of Ports Affairs
wis set up in 1980 in the Xiamen
Municipal Government. It is
respomsible for the management and
operation of the seaport and airport in
Niamen. Hs functions include the
organization, coordination, supervision
and arbitration of various units defined
by the Frovisional Management
Revulations of Local Forts issued by
the State Council,

The Xiamen Customs is the field
agency of the State General Customs.
Its function, as deflined by the
Crstorns Law of the People’s Republic
of China, is to execule the rights and

Figure 7.1, Departments, agencies and units involved in managing
the coastal waters of Xiamen Municipality

—

Public Safety

Commission of the Sea/Frantier Defense of Xiamen City

The Customs Xiamen Cusloms

Transparation

Members of the
Aiamen Municipal

Ministry!  f— — —| }{iam_gn_Enr:_Eureau
Department —_— —| Xiamen Maritime Sﬂew__s_qpq_a[intenﬂ_e_qgﬂ
Health —| Xiamen Sanilary Quarantine |
Ministry - ———d Xiamen Quarantine of Animal and Plant
Agricullure Ministry ] Fishery Agency of Xiamen City ] |

Government

Commission of

NEPA ! Environmental Protection Agency of Xiamen City

. Science and
— Technal
I State Oceanic | Xiamen Marine Manﬁgﬁ?ﬂfﬂﬁ.mﬂm of xiameﬁﬁiy
Administration === Marine Managemenl Division of Xiamen ( C_m_y_! I
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feki i S —— primary linkage
—_—— — secondary linkaga
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e s o and their legal bases
DEPARTMENTS LEGAL BASES FUNCTIONS ADMINISTRATIVE
Commission of the Regulations | Eight functions including securing Lo
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responsibilities of the Siate to collect
customs duties. ls jurisdiction zoes
beyond Xiamen to cover the
municipalitics of Quanzhou,
Zhanzzhou and the Longyan
prefecture.

e The Xiamen Frontier Inspection is

under the Public Security System of
the Central Government, Iis function
under the Kegulations Concerning
Frontier Inspection issued by the
State Council is to supervise the entry
and exit of passengers and inspect
their passport or certificale, bagzage
and transportation vehicles,

e The Xiamen Maritime Safety

Superintendency of Fujian Province,
which was set up in 1987, is the
agency of Lhe Transportation
Department of Fujian Province.
Under the Marttime Traffic Safety
Law of the Feople’s Repubilic of China
and the Marrfime Commerce Law of
the Feoples Repubiic of Ching, it is
responsible for the maritime safety
superintendency and management,
including the prevention of pollution
by ship, search and rescue at sea,
issuance of certificates for ships
entering and exiting the port, joint
inspection of import and export ships
on international navigation routes
and maritime disaster response
within its jurisdiction which covers
Weilou Cape, [ingjiang, Gonglou and
Zhao'an.

e The Xiamen Sanitary Quarantine is

an agency of the Ministry of Health.
Its function, as defined by the
Sanitary Quarantine Law of the
Frontier of the People’s Republic of
China, is to implement quarantine on
animals and plants including the
confainers and vehicles used within
the area that covers Xiamen,
Zhangzhou, Quanzhou, Longyan
and part of the Sanming region.

The Xiamen Commercial Commodity
Inspection, which was set up in
1951, is the agency of the
Commercial Commaodity Inspection
of the State. Its funclion under the
Lawof Import and Export Commodity
Imspection of the Feople’s Republic of
Ching is to carry out inspection and
superintendency of import and export
commodities, as well as issuance of
certificates,

The Xiamen Marine Manazement
Rezion, which was sel up in 1985, is
an agency of the State Oceanic
Administration. Its function under
The Marine Environmental
FProtection Law of the FPeople’s
Republic of China is Lo carry out
tharine surveillance, investization,
scientific research and supervision of
ocean dumping within an area
covering Shachen, Fuding in the
north of Gongkouw and Zhao’an in the
south,

The Marine Management Division of
Xiamen Municipality, which was set
up in 1981, is under the Xiamen
Municipal Government but attached
to the Commission of Science and
Technology. Its function is to
coordinate the various marine
management sectors for the
comprehensive management of the
coastal waters.

The Pori Bureau of Xiamen
Municipality has the main
responsibility in undertaking the
development and management of
ports and jetties, as well as the
management of cargo transportation
by ship.

The Environmental Protection Agency
of Xiamen Municipality, which was set
up in 1976, is a branch of the Xiamen
Municipal Government, Its function
under The Emvironmental Protection
Lawof the Feople’s Republic of China,
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The Marine Environmental
FProtection Law of the People’s
Republic of Ching, and the
Regulations of Environmenital
Protection of Xigmen Municipality 13
to carry out unified surveillance and
manazement of the Xiamen area
including its coastal waters. It is
responsible for orzanizing the
coordination, surveillance and
inspection of the coastal waters of
Xiamen Municipality. It is also in
charge of preventing damage to the
coastal marine environment arising
from coastal engineering projects
and land-bascd pollution, It is
supervised and guided by the
National Environmental Protection
Agency (NEFA) and the EPA of Fujian
Province.

& The Fishery Agency of Xiamen
Municipality is a branch of the
Xiamen Municipal Government. Tis
main function under The Hshery Law
of the Feople's Republic of China and
The Marine Environmental Protection
Law of the Feople’s Republic of Ching
is to lake charge of fishery activities
within the jurisdiction of the Xiamen
Municipality. Tt is also responsible
tor the management and surveillance
of aguaculture in coastal waters and
beaches, and the surveillance and
management of waste discharges
from fishing jetties and fishing boats,

e The function of the Navy at Xiamen
Municipality, as defined by The
Marine Emaronmental Protection Law
of the People’s Republic of China, is to
provide marine environmental
protection to military ships and ports,

ENVIRONMENTAL MANAGEMENT
MECHANISMS FOR XIAMEN
CoastaL WATERS

The protection and management of
Xiamen’s coastal waters is the responsibility

a6

of the Municipal Government. To make the
waters viable and environmentally-sound is
definitely not an easy task to undertake for the
Municipal Govermument. It needs the concerted
effort of all parties concerned. In doing so, the
muricipal govertunent takes into consideration the
conditions in Xiarmen and the recommendations
and technical advice from agencies involved in
environmental protection and marine
manazgement.

For its part, the municipal government
through the exercise of ils legislative power,
provides the legal bases and instruments in
carrying this task. Relevant laws and
regulations, provisions, resolutions, orders or
instructions are enforced or implemented by
relevant agencies or sectors mandated for
environmental  protection, marine
management, fishery, port, marilime
surveillance, planning and civil affairs,
among others,

However, in the process of performing
their tasks and functions, two major problems
arose: first, protection and management of
the marine environment is usually carried on
a sectoral or individual basis due to lack of
an integrated mechanism; and second,
marine environmental laws are not
adequately and strictly enforced.

In general, while marine problems cut
across sectors, existing implementing
machineries are basically sectoral and
individualized. Concerned agencies function
only in accordance with their mandates and
limited by their administrative jurisdictions,
While several agencies have certain
Jurisdiction and responsibilities over coastal
waters, these have never been fully defined,
hence coordination has been problematic.

The lack of a mechanism to manage and
coordinate sectoral and institutional efforts,
more often than not, hampers the overall task
of protecting and managing Xiamen’s coastal
waters. On the other hand, an existing
mechanism is saddled by lack of a well-
defined institutional arrangement in carrying
out integrative and coordinative functions.

The second problem, weak enforcement
of environmental laws, is not a special case for



CHAPTER 7: ENVIRONMENTAL MANAGEMENT STATUS IN XIAMEN COASTAL WATERS

Xiamen alone. Nevertheless, strict and adequate
enforcement of marine laws is most desired.
There could be enough legal bases by which
sovernment agencies could implement marine
protection measures. But with weak
enforcement of laws, establishments or business
activities that make use of the coastal waters
cannot be compelled to integrate pollution
control measures in their operations, It is also
the reason why existing pollution-control
facilities by these establishments are nol
activated,

The utilization of marine resources
contributes a lot in the sociceconomic
development of Xiamen. However, pollution-
control measures that have been incorporated
into economic development plans are nol
fully implemented because of the absence of
a well-defined manazement mechanism,
weak enforcement of environmenial laws,
and also most importantly, because of
tinancial constraint,

In order to achieve sustainable
development of the ceastal areas, it is
necessary to shift to another management
approach: integrated coastal management
(ICM). The ICM approach provides the
necessary framework, including options and
measures with respect to environmental
management, in dealing with cross-sectoral
coordination and integration,

The ICM approach facilitates the pooling
af available scientific information for the
assessment of various coastal management
1ssues from a multi-user and multi-sectoral
perspective. There 15 no doubt that various
agencies, including research and academic
institutions, with certain responsibilities over
the coastal waters have valuable information
on marine environment. Given an integrated
approach, it is possible to use these data to
re-examine the issues facing the coastal areas,
Issues such as resource-use conflicts and
pollution can be addressed by generating
more realistic strategies and options. Such re-
examination will lead to identification of data
zaps to which research should be focused to
improve existing management aciions.

Furthermore, ICM approach can
provide some guidelines in which various
sectors can be integrated and coordinated in
the process of implementing the necessary
mitizating measures adopted.

The data generated by the various
agencies and institutions in Xiamen will form
the substance of the awareness and education
campaigns on the rational use of coastal
resources. Such public awareness campalzgns
may take the form of quiz show, beautification
and cleanliness contest, media exposure,
community involverment (e.g., fisherfolk, coastal
residents, cte., reporting pollution incidents to
authorities), and the like, Since public awareness
activities are limited to government and
academic sectors, it is necessary to widen the
scope of environmental awareness campaigns
to reach the members of the general public, They
also have the responsibility to minimize the
impacts of their activities in exercising their right
to use and enjoy the coastal waters.

Lecal FRamMiwonk anp MECHANISMS
FOR ENVIRONMENTAL MANAGEMENT

Ascitedin Chapter6, the legal framework
and system for coastal environmental
management in Xiamen has been established.
However, there are loopholes in terms of
technical standards and legal procedures. The
lack of technical capability and inadequate
knowledge on environmental laws and issues,
by authorities and personnel from concerned
agencies, add to the problem of weak
enforcement.

Moreover, most of the existing marine
environmental laws and regulations were
formulated during the period of centralized
planning. But with the present market-oriented
economic planning, such Jaws and regulations
are rendered insignificant and limited
considering the existing conditions.

Despite such problems, the environmental
quality of Xiamen's marine waters has steadily
improved since the 1980s when these rather
ineffective laws and regulations were passed and
implemented,
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Basically, Xiamen’s legal framework and
system of marine prevention and management
are based on the following principles and
mechanisms:

+  prevention first;

+  polluter pays;

+ developers are bound o prolect the

environment; and

+ strengthening

management.

These laws and regulations specifically
require ELA, emission permit, waste treatient
center, control of pollution at source, assessment
of improvement on whban environment and
responsibility system for environmenial targets,

In particular, effluent standards serve as
mechanisms  to regulate pollutant discharges
from land-based sources, Such standards were
promulgated by the government of Fujian
Frovince in 1989. Recently, the rezulation on
waste discharges has been applied to more than
1,000 new construction projects. For the manne
environment as a whole, the Central
Government has formulated the National
Seawater Quality Standard which 1s the basis
tor the local implementation of water quality
standards, However, such regulations remain
to be enforced.

supervision and

MECHANISMS FOR ENVIRONMENTAL
MaNAGEMENT OF CONSTRUCTION
Projecrs

An important strategy for environmental
management is (o control the pollution impacts
of new construction praojects. For this purpose,
the law requires EIA for project development
and operation.

EIA for Review and Approval of
Construction Project Applications — The
Environmental Protection Agency (EPA)
reviews the construction project based on its
EIA and design of environmental protection
facilities before approval is given. The
procedure is illustrated in fgure 7.5.
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Procedures for Consideration and Approval
of the EIA Report on Construction Projects
— The Emvironmental Profection Law of the
Feopie’s Republic of China stipulates that
consiruction operators must apply with the
Departrment of Environmental Profection for review
and approval of its project. Large-, mediun- or
small-scale projects, which may cause pollution,
must prepare an EIA report; while olther small
projects must fill in an EIA form.

The details of the System of EIA Report for
Construction Frgjects used in China are as
tollowrs:

+  The feasibility study of the construction
project musl conlain a chapter(s) on
environmental protection;

* A construction project shall report to
the EPA and fill in an ELA form, with its
map of location; and

+ lLarge-, medium-, or small-scale
projects with serious pollution
potential shall prepare an EIA report
in accordance with prescribed
procedures (see Fvure 7.4),

MaNAGEMENT PROBLEMS

Several problems arose in protecting and

managing Xiamen's coastal waters:

+  The envirenmental laws and regulations
on coastal waters usually lack operational
ritles and mechanisms,

= The responsibilities of concerned
agencies and government units are not
clearly defined. These agencies have
theirown functions and administrative
Jurisdictions to follow before anything
else. Others, with no guidelinesof their
own to follow, usually lack direction,
The lack of a mechanism for
coordination results into confusion and
overlapping of functions in terms of
carrying oul marine protection and
management activities;

* Inadequate financial resources aficct
implementation and expectations;
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 Figure 7.3. Flow chart for the eualuaﬁ'ﬁﬁ’and'apprwd! of construction projects
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Figure 7.4. Procedures for the EIA report of large- or medium-scale projects
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»  Agencies involved lack the technical
expertise, skills, knowledze and
orientation;

+  Qutdated management methods due
to limited wse of computers and the
lack of information exchange among
concerned agencies hamper the
enforcement of laws;

* Lack of economic incentives and
inability of authorities to caich the
violators who would rather pay fines
than operate their waste treatment
{acilitics;

+  Marine planning lags behind land-use
planning, Although individual plans
exist for port development, shoreline,
fishery, marine environmental
protection and tourism, there is no
integrated use plan for shoreline and
the coastal waters. Other plans have no
sound scientific basis;

+ Infrastructures for pollutant source
contrel remain inadequalte. There is no
efficient sewerage and drainage system,
Existing waste water treatment facilities
cannot cope with the increase in waste
water discharses; and

+  There is no emMergency response system
for pollution accidents. Existing response
svstem is reactive rather than proactive.
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MANAGEMENT CaraciTy, MARINE
Epucation AND ScienTIFIC STUDY

The management structure and its
functional capacity are weakened and
fragmented due to the constraints of the
abovementioned problems,

There are a number of cases to illustrate
this predicament. For one, the Port Bureau is
developing its environmental monitoring station
while the Maritime Surveillance and Fishery
Bureau has no specific role vet in marine
environmental protection, Moreover, EPA has
a comparatively strong force for land-based
envirommental protection, but it is weak on
marine environmental protection. The Xiamen
Marine Management Rezion has more
capability than the Marine Management
Division of Xiamen Municipality.

While the capability of government
agencies and other institutions for marine
chvironmental management has been waning
due to so many constraints—there is, ironically,
abundant supply of scientific knowledgze on the
marine environment due to the adequate
number of academic and scientific institutions
in Xiamen, Some academic institutions worth
mentioning are the Xiamen University, Xiamen
Fishery College, Jimei Navigation College,
Lujiang College, Xiamen Fishery School, Xiamen
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Ninth Middle School and Xiamen Technical
School,

For marine scientific studies, there are the
Third Institute of Oceancaraphy of the State
Qceanic Adminisiration, Fujian Institute of
Oceanography, Center of Environmental
Science Study of Xiamen University, Institute of
Subtropical Oceanography of Xiamen
University, Fujian Fishery Institute, and the
Institute of Environmental Frotection Science
Study of Xiamen Municipality. Also, there exist
the Fishety Bureau of Xiamen Municipality and
the Xiamen Central Station of Hydrolozy under
the State Oceanic Administration,

There are research and educational
instifutions that belong to different adminisirative

line agencies. Joint investigations and studies on
miarine development and exploitation for the
¥iamen Municipality have been carried out.
However, the results have not been fully used
because of the lack of mechanisms for
coordination and information sharing,

The presence of these training and
academic institutions will enable professionals
and personnel involved and/or required in
marine protection and manazement to uperade
their skills and kmowledze.

From the academic circle, the Xiamen
Association of Environmental Protection Science
(XAEFS) has already made many significant
recommendations on environmental protection
and management.
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Chapter 8:

Conclusions and
Recommendations

CONCLUSIONS

Xiamen, which is situated at the
sublropical zone, boasts of scenic spots and
provides excellent conditions for porl
development, It has sufficient land and coastal

rater areas and resources.

Within a period of 40 years, Xiamen's
economy underwent dramatic growth, The
18305 proved to be the turning point for its
economy with the creation of special
economic zones (SEZ), For a while,
construction and development were
concentrated in the Xiamen lsland proper
before the Xinglin District followed. Since the
late 19805, Xinglin, Jimei and Haicang have
been experiencing rapid development while
Tonz’an County has lagged behind. This
patiern implies that exploitation and
utilization of coastal lands and waters are
concentraled in limited arcas.

Further development in Xiamen
Municipalily will definitely be impinged by
natural factors, such as scarce rreshwsater
supply, natural hazards (e.g., typhoon, storm
surge, drought) and coastal erosion,

Conflicts in coastal land use exist among
port construction, mariculture, reclamation,
tourism and marine environmental
protection, particularly in the West Harbor.
In the said harbor, the resource-use contlicts
between mariculture and port development;
and belween marine environmenial
protection and coastal wastewater discharge
are serious and require urgent solutions.

Xiamen’s economic boon has been
accompanied by a population boom.
Nevertheless, its economy has been strong
enough to maintain the improvements in the
sociceconomic conditions of ils people,

The increase in human activities by
sheer increase in population and the

unrelenting economic activities have brought
about a significant increase in wastewater and
solid waste discharges, gaseous emissions and
other pollutants.

For the next ten years, economic growth
will largely occur on lands surrounding the
West Harbor, Thus, there could be serious
pollution problems if no adequate pollution
control and managerent measures are in
place. Wastewater treatment infrastructures
are insufficient. It is now a question of
whether they could keep pace with the
mcreasing rate of waste discharge. With this
situation, the future environmental quality of
the West Harbor is a subject for concern.

In zeneral, the environmental quality of
Xiamen's coastal waters is good, falling within
Class 1l of the National Seawater Standards.
However, all is not well with its water bodies.
Maluan Bay, for mstance, is seriously polluted
in its water column and sediments, It is
affected by wastewater discharge from
industry and agriculture, domestic effluents,
wastes [rom mariculture and poor
hydrodynamic condition. The sea areas
around Baozhuyu Island are also seriously
polluted while the rest of West Harbor waters
show signs of organic pollution.

The best environmental quality appears at
the estuary, the Cuter Harbor and Tong'an Bav.
In general, the marine environmental quality 1s
low from the outer to the inner waters and from
eist to west, The Yuan Dang Lake, after having
recovered from a polluted condition, has shown
signs of pollution recurrence,

Organic pollution 1s a major problem in
the Xiamen coastal waters. Inorganic nitrozen
concentration has also imcreased. Bacleral
pollution is rather serious except in the
Tong'an Bay where the number of fecal
coliform in waler exceeds the contral level of
the seawater standard.

B3
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The nutrient concenirations in water
column fall within the range of medium o
enlropic, The inorganic nitrogen concentration
is relatively high; while reactive phosphate
concentration is comparatively low. In the past,
several red tide outbreaks occurred in some
coastal waters of Xiamen where eutrophication
was believed to be the cause.

The slow paced construction of facilities
for pollution control and prevention at
Dongdu Port cannot possibly cope with its
increasing trade and development activities.

The ability lo respond in cases-of
pellution accidents is questionable. A svstem
of preparedness and response for oil spill
and dangerous chemical spill has not been
installed. Hence, in case of an accident, the
NXiamen Port may suffer extensive damagze.

Xiamen has a wide arrvay of marine
species supported by medium to high primary
productivity, However, species diversity is
distincily ditfferent at various sea areas,
showing a zeneral increasing trend from
inner to outer bay, Most marine species in
the Xiamen coastal waters fall within the
categories of eury-therms or eury-warm
water species, Their habitals in the Xiamen
coastal waters include infraneritic, intertidal
and community types,

For the past 40 years, the coastal
ecosystems of MNiamen have significantly
changed, For example, the quantity of some
phytoplankton that are sensitive fo
environmental chanze has greatly decreased,
Moreover, only few marine species could be
found in the scriously polluied Maluan Bay
and the sea areas arcund Baozhuyu Island.
Red tide events have occurred several times
in the West Harbor and Tong’an Bay. Also, the
habitat and community structure in Yuan Dang,
Lake have signiticanily changed because of
pollution. The [ake's environment has lkewise
recovered as a result of comprehensive
mitigation efforls supported by huge funding,
Despite this improvement, there are signs that
pollution may recur in the lalke,

Aside from pollution, other activities less
noticeable are unregulated sand quarrying
and large-scale real estate developiments that
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have adversely affected the shorelines. The
once-perfect beaches and shorelines are now
badly eroded. Erosion is serious in the north,
cast and southeast coastlines of Xiamen
Island.

There is abundant informaltion on
Niamen's coastal waters but this is poorly
manazed and underutilized for the benefit
of marine protection and manazement.
Furthermore, existing data have some
constraints and limitations, For example, most
of the data collected on Xiamen coastal waters
concern the West Harbor and the estuary
only, Studies on Tong’an Bay, OQuter Harbor
and Eastern Channel are scarce.

The pollution-source studies remain
inadequate. In effect, the type and quantity
of land-based and sea-based pollutants are
rol fully understood. Only one study on land-
based pollution source was undertaken in
1982 and covered the West Harbor only.
However, its results have to be verified and
updated since many changes have already
taken place,

There is a dearth of information on sea-
based pollution sources. This is further
complicated by the lack of a syslematic study

. on atmospheric inputs of pollutants in coastal

waters and urban runoffs during storms,

Some important marine pollution
problems and issues, which impinge on
marine protection and manazement, have not
been explored. such as;

* Increase in the number of motor
vehicles which have some impacts
an marine pellution;

= Marine environmental impacis of
automobile exhausts, mariculture,
port development, shipping and other
means of lransportation;

*  Response measures to possible oil and
chemical spills;

»  Contributions and impacts of sand and
pollutants carried by the Jiuliongiang
Riveron navigation and environmenial
guality of the West Harbor,

= The social and economic impacts of the
developments in West Harbor and other
coastal waters o Xiamen ingeneral ; and
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= Complete, systematic and long-term
monitoring dala on marine ecological
changzes.

The abovementioned problems and
absence of scientific findings and studics
could be the reasons why a decision-making
system necessary for environmental
emergency management has not been
developed.

A mechanism 1o integrale dala
accumulated by different agencies, sectors
and institutions to facilitate information
exchange is needed. Clearly, the lack of such
mechanism slows down the process of
implementing environmenial measures,

I s imteresting to note that there are
many institulions and azencies invelved in
marine environmenlal proleclion and
manazement whercin basic lezislative
frameworks, implementing mechanisms and
management systeims play vital voles,

The improvement in  marine
environmenial quality can be attributed 1o
environmental planning, comprehensive
pollution mitigation and environmental
ecducation and awareness campaign, The
government, particularly the local unit, has
been doing its part. Besides providing the legal
frameworls, the Xiamen Government has
been spending an averagze 0.8 percent (a little
higher than the averaze national
environmenial expenditure) of its gross
domestic product (GDP) for environmental
proteciion.

Generally, in the course of analyzing
the ramifications of marine environmental
protection and management in the Xiamen
Municipality in relation to the Xiamen
Demonstration Site, the significant problems
and issues are contained in the following
findings:

a. In terms of  institutional
arranzgements, there are twelve
government organizations or entities
invalved in marine management.
They fall under different line
departments and azencies of the
Ceniral Governmenl, the Provincial
Government of Fujian and the

Municipal Government of Xiamen.

However, they perform individual

functions and undertake measures in

accordance with their organizational

mandates and  administrative

jurisdictions, Af present, there is no

mechanisim 1o coordinale and resolve

cross-agency  functions and
manazement issues,

b There are contlicls in the use of coastal

raters, especially in the West Harbor,

c. Environmental protection has been
included in the national socioeconomic
plan. Also, land and marine
environmental planning have been
undertaken. However, due o lack of a
master plan for the development of
shovelines and coastal walers, sectoral
contlicts in marine development have
not been resolved, hus uncoordinatod
development of projects take place.
Concomilantly, the requirements and
mechanisms for integrated coastal
manazement are lacking,

d. The legal framework tor overall
environmental prolection and
management exists, However, some
general rules and measures for
implementation still need 1o be
reviewed in  terms  of  theiwr
responsiveness. For marine protection
and manazement at the local level, the
legal framework needs to be
strengthened, While there may be
relatively enough lezal measures,
however, their enforcement remains
weak,

e. For environmental protection,
Financial support is insufficient for it
comes mainly from the government
bucdzet.

f. The development of environmental
protection facilities is slow and often
lails to achieve the environmental
profection objectives and targets,

h. Public awareness on marine
environmental protection is still low
due to limited information campaiszn.
This is also attributed to the low
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compliance on marine laws and
regulations. In addition, the lack of
awarencss makes citizens or sectors
consider the coastal area a
convenient place for waste disposal
without due resard to its adverse
effects. Also, due to lack of knowledge
on the rational use of marine
IESOUICES, MArNe cconomic sehivities
are treated as hard indicators for
development and therefore marine
protection is only secondary.

The pollutants discharged from
Jinmen Islands and carried by the
Jiulongjiang River could produce
harmful impacts on the coastal
waters of the XDS and these may be
difficult to control,

RECOMMENDATIONS

To proteci the marine environment of

the Xiamen coastal waters, it is imperalive Lo
implement sustainable development stratesies
and action plans for integrated coastal
management and marine environmental
protection.

Following arc some recommendations to

attain the above objective:

96

L

Develop a clearly-defined system of
environmental laws and lechnical
standards that manifest strong,
practical and operational features
within the framework of the Slate
Constitution and by-laws, Make full
use of the legislative rights and
powers given by the State to pass
legislations that reflect the specific
conditions of Xiamen,

Strengthen the enforcement of marine
environmental laws and rezulations.
Formulate and develop scientific and
rational zonation, protection,
development and use plans for
shorelines and coastal waters, These
plans should be integrated into the
overall socioeconomic development
plan and mandated by an appropnate
legislative measure.

-l

=]

2

11.

Formulate and implement an
infegrated coastal management plan.
Create an environmental funding
mechanism lo ensure sustainable
financial  support for marine
protection,

Carry out massive public awareness
and educational activities on ICM and
marine envirenmental protection,
Develop  and  implement  a
comprehensive inspeclion system on
waste discharges. At the same time,
establish a preparedness and response
system for oil spill and dangerous
chemicals spill,

Construct facilities for pollution
prevention and mitigation. Conirol
land- and sea-based pollution
sources and wasle discharge.
Develop and  improve  an
environmental information systent,
including a data bank, a monitoring
and surveillance system, and a
geegraphic information system (GIS),

+ Undertake techmical skills training and

capacity building activities on  ICM;
recrunt highly-qualified personnel,
improve technical facilities; and
strengthen marine environmental
manggement capability;

Strengthen  the environmental
protection seclor and infegrate it into
the comprehensive coastal management
system. Encourage and promote the use
of “clean” production lechnology, the
reduction of waste production quantity
and recycling,

- Maximize the presence of marine

science and technological institutions to
improve the knowledse on marine
ecosystern and raise the level of scientific
services and expertise.

. Establish a marine ecological

maonitoring station on a long-term
basis to track changes in marine
environmental quality and to provide
scientific basis for decision-making.



Annex 1:

List of Dominant Marine Species
in Xiamen Coastal Waters

BACILLARIOIMHYTA
Actinoptyching annalatis (Walhich)
A spdendens (Shadbalt)

A dnddatus (Baley)
Amiphiprors alata Kutzing
Amplicra costata W. Smith

A ovalis Kutzing

Asterronelia japonica Cleve
faciffara paradoxa Gnelin
Bacteriastrum comesu Pavillard
8 Tvadlivm Lauder

£ varians Lauder

fellerochea mallens (Brightwell)
Sl anria (Lynglye)

£ grannifaia Roper

A fongicruis Greville

. mohilicnsis Bsiley

B otesa Kutzing

i, pidehiells Gray

i regra (Schulize)

B rhcmmbuy (Ehrenberg)

f smensis (Ehrenberg)
Chraetoceros abnorimts Pr-Laur
Coarfines Lauder

O astindgs var, wiffed Husted!

C Borealis Bailey

O cdsfracanit Karaten
Cocodrcfitus Lauder

S compressies Lander

L onrvisetins Cleve

. debifis Cleve

L dechiens Cleve

L densum Cleve

Ldenticwdatus Lauder

L denticulatis £ angusta Hustedt
» didvmus Ehrenbers

~ distans Cleve

= dliversus Cleve

S eibenif Grunow

T pelagicns Cleve

S prendocurvisets Margin
- stamense Ostenfeld

- socialis Lauder

L subsecundus (Grunow)
L subtifis Cleve

O forfissimmns Gran

O werssfovnr Schutt
Corethron fiystrix Hensen

SR o oM oW o o o B S W oW oW o T oW oW o W o W oW &

Coscinodisous angus Ehrenberg
o Bipartitus Raltray

O cernralis Ehvenbery

O exceniricius Ehrenberg

o grias Ehrenberg

Co foesianus

C. fineatus Ehrenberg,

O ooty eidis Ehrenberg

O subtilis Ehrenbersg

C. wadifesdiy Ocan et Angst
Cyclfotelia cemia (Ehrenberys)
Oactyliosalen mediterransus Perug
fhppforrers Bombus Ehrenberg

£} St (Brebisson)

Oityleeen Brisftweliis (West)

I sof Orunow

Lucampia comitele (Cleve)

£ sooddiacus Ehrenbers
vrosiema balticim Fhrenlerg
Henuaius auckil Grunow

f. mentbrunacens Cleve

H sinensisGreville
Leptocylindris danicos Cleve
Licmmopliars abbreviate Agardh
Medosira monditormis (Muller)
M. swleata (Ehrenbery)
Nitzsclia clostersiin (Ehrenbers)
N delicatiséena Cleve

N longissinia (Breh)

N orenziana Grunow

A pungens Granow

M sz (Eutzing)

Flanktonielis sof (Wallich)
Flenrospema fonosum W, Smith
F normanii Ralfs

B pedagicwm Pergallo
Rhzosolenda alata £ gracifiima Cleve
K. fergonii Peragallo

& calcat-avis M., Schultze

R, castracana Peragallo

KA. mbricania Brightwell

R robusts Norman

K setigera Brightwell

R stofteriothi Peragallo

K siyfirornis Brightwell

K siyliforas va, faiissionta Brightwell
Solotonema coxtatm (Greville)
Strepfoffhices famesis Shrubsole
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Thalassionema niftzschioldes Grunow
Thalassiosiva condensata (Cleve)

T rotiefa Meunier

1 subtslny (Ostenfeld)

Thatssiothrix fravenfeldil Grunow
Triceratium favus Ehrenberg,

PYRROPHYTA

Ceratinm breve (051, Schunidt)
O deffexum (Kofoid)

O furca (Ehrenberg)

O fusus (Ehrenberg)

C. macroceros (Ehrenberg)

O gibberiun Gourret

O kofordii Jorgensen

C. inflatum (Kofoid)

O pudichelium B, Schroder

O trapos (OF Culler)

O trichoeecos (Ehr) Kofoid
Inophiysis candata Saville-Kent
Noetiluca sefniiffans (Macariney)
Fertdinum conicum (Gran)

£ depressum Bailey

£ latissum Kofoid

F ocearicum Vanhoffen

! stenii Jorgensen

Pyrosystis fusiformis Murray
Prchrophacus horoligicum var, steinid Schiller

CYANOPHYTA
Trichodeanium erythacum Ehrenberg

CHLOROPHYTA
Fedigstrum biradiafum Meyen

CRYS0OPHYTA
Lastephanus specufum

ZOO/PHYTOPLANKTON

HYDROMEDUSAE
fpurena opliiovaster
Liprena spp.
Fodocoryne minuia
Turriropsis fata
Hougainvilfia britannica
Kamust xiamenensis
Obelia spp.

faodicea indica
Fucheilofa macrogana
Chvtra folleatum

O hemisphaericum
Blacktordia mahattensis
Phialucium carolinae
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Eivene mienont

E. ceylonensis

£ karnibara

Lutima fevulasEutima sp.
Aegrores conicit
Taricodon coerileus
Froboscidaciyla ornata
Aglarrs hemistama
Liriope tetraphvil
Acgimura grimalds

SIPHONOPHORA
Flhysophora fivdrostatica
Dipves cliamissonis
Lensia subtiloides
Muggeraes atlantica

SYPHOMEDUSAE
Svplromedusae larva

CTENOPHORA
Flewubraclua slobosa
Beroe cucumis

THALICEA
Dalicfidae

CHAETOGNATHA
Sagitia enflata

& pulchen

& ferox

& bedols

& ngeac

& neglectd

& deficala

PTEROPODA

Cresis acicula

CALADOCEA
Fenilia avirostess
Lvadane tereesting

OSTRACODA
Fuconchoecia aculcata
Cypriding deblala
Microconchoccin curta

COPEPODA

Calanus sinicus
Canthocalanus pauper
Lindinuda vidlearis
EMCHJ’R!?H.}' CrAasyis

£ subcrassus



Faracalanus parvus

£ aculeatus

£ crassirosiris
Bestrola amoyensis
Acrocalacus gibber
Luchacta consinnag
Temora furbinata
Centropgees fenuiremis
Scliumackeria poplesia
& dubia

Candecia discaudata
Calanopia thompson
O elfiptica

Labidocera bipinnata
L. euchiaela

L. peve

Fontellopsis fenuicatda
Acartia pacifica

A. spinicanda

A clanss

A erythraca
Acartiells sinensis
Tortanus forcipatus

T derjusing

T, dextrifobataus
CNthona similis

Q nana

O srmplex

O rpeicla

O brevicornis

O deciprens

QO affenuata
Coryeacus aliings

O andrewod

L fubbocks
Microsetella norvegica
M. rosea

Euterpina acutirons
Monstriffa grandis
Chiteminasira scutellata
Halioyelops aequorens
Kelleria purpurocincta

AMPHITODA

Lestrigonus macropthalmus
Tulibergella cuspidata
Hyperioides sthgginis
Caprellidae

Gammaridea

MYSIDACEA
Acanthomysis laticanuds
A, erassispinosa
Gastrosacus Lofimaensis
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Ca. frrbir
(o, fOPHOSEnss
Mysidacea latva

EUPHAUSIACEA
Feendenphanusia sinica

DECAPODA
Lucifer hansens

Lo faxonir

L. intermedus
Acefes Japoricus
Leptochela grellis

LARVAL PLANKTON
Folvehacta larva

Cirriped naupliva

Macrura larva

firachyurs zoea

Brachyura mesalopa

Focellana roca Stomatepods larva
Cephalopoda larva

Fish cgxs

Fish larva

INFRANERITIC BENTHOS

SONGILA
Sipfoonochalina truncats linderen

COELENTERATA
Cavefnularia faherers
Moroft

Fleroeides chinensis Harteaub
Cerianthus

Edwardsis

PLATYHELMINTHES
Planecera

NEMERTINEA
Nemertines spp.

POLYCHAETA
Haploscolaplos spp.

Cosswrella cimopha Hanlman
Aonides

Folvdo fentaculata Blake el Kudenov
Scolelepsiy sp.

Frionospio malmgrent Claparede
Frionospio pinnata Ehlers
Laonice cirrats Sars
FPoecilochaetus tropicus Okuda

P paratropicus Gallardo
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Chaelozone spp.

Tharyvx marioni Saint-Joseph

Tharyx spp.

Pasybranchetus spp.

Notomastus Iatericen Sars

Notomuasius abrans Day

Notomastus spp,

Heteromatus fliformis Clarapede

Rashgua spp,

Farficteromastides spp.

Baramtolle spp.

Neomediomasius spp,

Medfomastus xalitorniensis Hartinan

Caprtomastus spp.

Fraxillells gracilis Sars

Asychix spp.

Ophefing acuminata Oersted

Scalibregma imilafum Rathke

Hyboscalex spp.

Crenetplins spp.

Harmothoe imbrrcats Linnaeus

Harmotiioe spp,

Telofepidasthenia spp.

Fholoe spp.

Shawania spp.

Leocrates spp.

Spnedmis alfbenis Lagerhans

Spramibra hanaokar Kilamorl

Sviles spp.

Neamthes donehaiensis Wa

Neanthes spp.

Nectoneanthes multienatha Wu et Sun

Leonates persoca Wesenberg-Lund
endroncrels pinnaticires Grube

Ghoera subencs Grube

Gilyoera rouxi Audouin et M. Edwards

Gfveera citirord Lauka

Glveera onomichiensis Lauka

Glyveera altba Muller

Glyeera fesselafa Grube

Glyeera spp.

Nephiiys polviranchia Southern

Nepfiiys capenist Day

Nephiys fuleareusis Fanvel

Nephitys spp.

Aglaophamus difranchis Grube

Aglaophamus [yrochaeta Tauvel

Inermoncphiys gaffardl Fauchald

Linophierus spp.

Eurythoe parvecarucukata Horst

Onuphis fitkianensis Eschakov et Wu

Diopatra chiliensiy Quatrefages

Marphysastraeulum Grube

Lunice indica Kinberg
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Aunplivsaacileata Wesenbers-Lund
Lumbrinerss cruzensis Hartman
Lumbrinerss ngeae Gallardo
Lumbrinerss sfuinof Gallardo
Lumbrinterss fefraura Schmarda
Leombrinerss fatredlli Audouin ef M. Edwards
Lumbrineris spp.,

Faranico spp.

Drilinereds (ifum Clarapede
Schistomeringas spp.

Sternaspis scietata Reiner
Owenia fsitormis Delle Chiaje
Lymalaimis siardi Mcintosh
Ffectinaria paptiiosas Caullery
Ampharcie spp.

fsolda puichells Muller
Samyitha besslei Bill

Melinna spp,

Fista cristats Muller

Frsta brevibranchis Caullery
Frata spp

Liomia medusa Savigny
Angcana frilobta Sars
Streflosoma spp.

Terchellides stroemi Sars

EUCHUROIDES
Listrofobus hrevivosiris Chen et Yeh

SIPUNCULOIDEA
Spuncuius nudus Linnaeus
Fhascolosoma spp.

MOLLUSCA
Nuculz amaellthucula) convexa (Sowerby)
Saccella cuspiidata (Gould)

‘Dldia simifts Kuroda afl Habe
farbatia bisirigata (Dunker)
Modiolus (Modiolus) mefcalfed Hanley
Musculista senhausia (Benson)

M. japonia (Dunker)
spnplicatiula muricata (Sowerby)
Liecinoma anmlata (Reeve)
Lucinoma spp.

Leptaxinus spp.

Cyvladicama cumings (Hanley)
Caleommna spp,

Maoricardium sefosum Redfield)
Macira spp.

Muactrimiils dolobrata (Reeve)
Arnguadus spp.

Moerella culfer (Hanley)

M. irrdescens (Benson)
Nitddoielling fridella (Martens)
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N rrrinuta (Lischke)

Macoma (Pxammacoma) candida (Lamarck)
FPulvinus mican (Hanley)

Theora fata (Hinds)

Gart hosoyai Habe

Mytiiopsis salied (Reclus)
Corbicula Mumminea (Muller)
Corbicula spp.

Liocancha spp,

Cyorasunetia concinna (Dunker)
Meretrix meretrix (Linnaeus)
Faphia (Paratapes)undiclata (Born)
I (Protapes) galfus (Gmelin)
Kuditapes Plulippinaram (Adams el Reeve)
Anisocorbula lineata (Lynge)

A. cunesdts (Hinds)
Fotamocorbula ustulats Reeve)
£ rubromuscud Zhuang et Cai
Feriploma otohimaca Ozaki
Laternuda (Exolaternula) mariling (Reeve)
Trigonofracia jinxingace Xu
Clithon onalaniensis (Lesson)
Turritella spp.

Architectonica perdix (Hinds)
Sermyla rigueti (Grateloup)
Cerithidea cimgulata (Gmelin)

O micropters (Keinerd
Batillarsia zonalis (Bruguiere)
Clypocmoray sp.

Ochiefoctava kochi (Philippi)
Cirsotrems perpicxum (Pease)
Fulima marda (A, Adams)

MNatica onca (Roding)

N finests (Roding)

Lundtica gifva (Philippi)
Folynices macrostoma Philipp
Volva birostrys (Linnaeus)
Frimovolva spp.,

Murex trapa Foding

Pyrene Bicincta (Gould)

P bella (Reeve)

Cantharius cecrfles (Philippi)
Nassarius succinctus (A, Adams)
N variciferus

N caclatus (A, Adams)

N dealbatas (A Adams)

N thersites (Bruguiere)

N siquinjorersis (A, Adams)
Reticunassa spp.

LIS Spp,

Okfivella spp.

Sydaphera spp.

Brachytoma Hav dulus (Lamarck)
B vexiliium (Babe et Kosuge)

Clavatula pseudopricipls (Yokoyama)
Lophiotoma lerrcotropis (A, Adams el Reeve)
Threicida javana (Linnaeus)

Turricula spp.

fiplomeriza duplicata (Linnaeus)
Tuibonidlla spp.

Retusa (C) boenesis (A, Adams)
Focylichna cvlindrelfs (A, Adams)
Hentalitm cotanglatum Donovan
Episiphon kiochiowwanense Tehang et Tsi
Crrapitaciime spp.

CRUSTACEA

Focums Rilgedorti Marcusen
Corapfim spp.

Cleantis panicands (Benedict)
fdunedla spp.

Eriapiselia spp.

Orchestia spp.

Fhotls spp.

Caprelfa scaura Templefon
Caprella spp.

Solenocera crassicornis (H, Milne-Edwards)
Solenocera spp.,

Metapenadeus spp.
Farapenacopsis fencllns (Bate)

# hardwickdy (Miers)

£ eultrirostrss Alcock
Metapenacopsis barbafis (De Haan)
Leptocheds gracilis Stimpson

Lo peienay De Man

Alphens brevicristatus De Haan
A, distinguendus De Man

A, hoplocheles Contiere

Qevrides arfentaliy (Stimpson)
Lysmata vitfats SHmpson
Exapalaemon carinicauda (Helthuis)
Fadacmon graviers (Yu)
Forcellanalls picta (Stimpson)
Raphidopus ciliatus Simpson
fogenes avarus Heller

Diggenes spp.

Dardanuy spp,

Nursia rhiomboidalis (Miers)
Actaeus tuberculatus (Herbst)
Fortunus sanguinolentus (Herbst)
P tritubercufatis (Miers)

£ gracilimanus (Stimpsan)

£ haxtatoides (Fabricius)
Charyvbdis faponica (A, Milne-Edwards)
€. varrggata (Fabricius)
Farapanope euggora De Man
Filumnus spp.

Hetferoplax nggasakiensis Sakai
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Sep fukiensis Kathbun

Typliocarcinus nudus Simpson

T villosus Slimpson

Typhilocarcinops canalicufats Rathbun
Typlifocarcinops spp.

Hexapus antfracius Bathbun

Hexapus spp.

XNenophithalmus pinnotheroides White
Neoxenophthalmus obscurus (Henderson)
Tritodynania fafannanenssys Tal
Amimaliforms ffghfana Rathbun

Macrophitalmus (Maveovtis) definifus Adams et

White
{fea (Deltuca) arouata De Haan
Camplandrium sexdentatun Simpson
Eriodheir feptognathius Rathbun
Helice spp.
Claride decorata (Wood-Mason)
Harpiospuilla annandaler (Kemp)
Oratosquwilla spp.

ECHINODERMATA

Comatiins faporicus (], Muller)
Leptapentacta imbricata (Semper)
Frotankyra bidentata (Woodward et Barrett)
Ferneffa fesucurs (Walenciennes)
Ampluoplus faevis Lyman

Ampfuoplus lucidus Koehler

Amplinra pachiyviacira Murakami
Ovhioneress dubia sinensis Duncan

CHORDATA

Cremidocerpn cfinensis Tokioka
Styeda plicata (Limnacus)
Boteyllus tuberatus

FISHES
Coilra grayid lachardson
O mpstus (Linnaeus)

Arifus sinensiy Lacepede
Ambassis gymnocephalus (Lacepede)
Sohinius amblyceplalus (Bleeker)

b belenserii (Cuvier et Valenciennes)
Collchthyvs fucrdus (Richardson)
Callionymuy virgiy]Jordan et Fowler
C beniteguvi Jordan et Fowler
Trigenopagon barbatus (Gunther)
Owyurichtfvy fentacularis (Cuvier et

Valenciennes)
O micrilepis (Blecker)
O papuensis (Cuvier et Valenciennes)
Farachacurichtfys polynema (Bleeker)
Trypauchen vagina (Bloch et Schneider)
Crenotrypauchen cfitnensis Stenidachner
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O microcephalus (Blecker)

Odontamivopus rubicundus amilton-
Buchanan)

Trichurs mutices Gray

Folycandus indicus (Linnaeus)

Sofea ovata Richardson

Cyiwlossuy melampetaluy (Richardson)

O puncticeps (Richardson)

. foynery Gunther

Cosemilae s Gunther

o abbreviatus (Gray)

INTERTIDAL BENTHOS
Enteromorpha prolitera

E infestinalis

£ clathrata

Khizoclonnum implexum
Frerowdes chinensis

Halipalarella lucine

Cavernularia habareni
Nemieriities

Chiromoplana befla Bock
Hanocera spp.

Fhiylo crnatus (Vennill)
Hapioscoloplos Ferguclfensis (Mcintash)
Aedicina spp.

Laormice cirrata (Sars)
Malacocarocs indicus (Fauvei)
Faraprionosuo punsadta (Enlers)
Prionospio malmgreni Clarapese
Frendomalacoceros spp.

Felydora spp,

Cirrrformia fentaculaia Moonlag,
Mavelina cincta Enlers

Tharyxy mariond Samt-Joseph
Feocilochuetus paratropicws Gallardo
I serpens Allen Malminen
Heteromastus caliiorniensis Hartman
Medfomasius spp.

Notomastny [dtericens Sars

N of berans Day

Luolymerie annadasei Southern
Asychisspp.

A, cf ganeticus Fauvel

Fraxifiella tracilis Sars

Opheling grandis Pillai
Sthenolepis faponia Mclntosh
Farahalosysdna spp.

Halosydna spp.

Folynoella spp.

Folvodintes melannonotens Grube
Leocrates chimensis Kinberg
Syntelmis albini (Langerhans)



AMNMEX 1: LIST OF DOMINANT MARINE SPECIES [N XIAMEN COASTAL WATERS

Ceraloneress erythndeensis Fauvel

C burmensis Monra

feannates persica Wesenberg-Lund
Neanthes donghalensis Wu el Sun
Nectoneanthes multignatha Wu el Sun
AN ovvpods Marenzeller

Nerers heferocireata Treadwell
Faraleonnates uscharkovi Chlebavitsch
Ferinereis nuniia (Savigny)
Tamibaldgamig fauvel Pillai
Marpliyvsa sanguines Montagu

M. macimto shi Grossland

M. sinensis (Monro)

M. stragulam Grube

Glveers subaena Grube

Gifveera spp.

Aglaophamus [yrochacta Fauvel
Goniada spp.

fnermonephivs galinrdi Fauchald
Nepltys palbeanchis Southern

N, olpeobranchin Southern

Dot chifrensis Quatrefages
Cnuplis erenfa Audouin et . Edwards
Eunipysa aculeats Wesenberg-Lund
Schistimeringes japonis Annenekova
Lumbrineriy heterapods (Marenzeller)
L, mefeprana Augener

L. magae Gallardo

L. tetravra (Schimarda)

L. fafredlf Audouin et M. Edwards
Orilonereds fifum Clarapede
Sternaspis scutala Renier

Owenia fusitormis Delle Chiaje
Fectinaria papillova Caullery

fsoida pufchella Muller

Mellinna aberrans Fauvel

Amaeana occiderntafis (Hartiman)

A trifofata Savigny

Frsta typdis Grube

Terebellides stroemi Savs

Sabellidae spp.

Phascolosoma esculenta

FPh.spp.

Simprincrlus nudng

Nucwla spp.

Ihdimacar fenebrica (Feeve)
Musculisia senfiousia (Benson)
Modiofus metcalfer (Harley)

Mactra (M.) veneriformis Reeve
Felaniella spp.

Angulus vestalioides (Yokoyams)
Merisca disphana (Deshayes)
Cadella spp.

Moerella culter (Hanley)

M. irdescens (Benson)
Macoma (Frammacomal candrs (Lamarck)
Frlvinues micans (Hanley)
Abrina spp.

Theora fata (Hinds)
Afacioden striata (Gmelin)
Hiatula spp.
Sinonaovacula consivicta (Lamarck)
Solen grandis Dunker
Crletllus attenuatus Dunker
Dasitia (Fhacosomal japonia (Reeve)
Clansinella calophylla (Philippi)
Cyefing sinensis (Ginelind
Ruditapes philippinarum (Adams et Reeve)
Chione fsabelling (Fhilippi)
Glauconme chiimensis Gray
Anisocorbuia cuneala (Hinds)
Lebernuda (Exolaternila) mariing (Reeve)
Trwonotfiracia finxingae Xu
Clithon sowerbiariuy (Recluz)
Assiminea brevicula Pleiffer
Batillaria zonalis Bruguicre)
Cerfthisae cingulata (Gmeln)
o mticroptera (Kiener)
O ginensis (Philippi
Chypesniarins spp.
Budeis spp.
Eulima maria (A, Adams)
Neverita didyina (Roding)
N, fineata (Roding)
N spadiceaides Liu
Funaticing papilfa (Gmelin)
Rapana bezogre (Linnaeus)
Rapana spp.
Cittcorens ramosis (Linnacus)
Thails gradata (Jonas)

Santharus cecilfled (Philippi)
Prrene befla (Reeve)
Nassaring spp.
Reticunassa spp.
SeRXIESpR.
Alfrvedla spp.
Allopea pyrenla
Akera constrictn Kuroda
Onchudiim verrcnfating Cuvier
Fudlacia exara (Philippl)
Fetusa (C.) boenesis (A, Adams)
Tiberia ebarana (Yokayama)
Dentalium spp.
Graplace spp.
Forcellana spp.
Kapfudopus cifiafus Stimpson
Fbalia malefactrix Kemp
Pliilvng caninat
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A wiana (Rathbun)

Metaplax spp,

M. elegansde Man

M. fonfipes Shapson

M. sfreni Gordon

M. fakasiif Sakai

Lingela wngtis

L. shantygensis K. Hatal

Comanthers grandicalyx (PH. Carpenter)
Leptopentacta imbiicata

O gaporia (] Muller)

Fentacta quasrangularis

£ anceps (Selenka)

Mensamaria intercedens (Lampent)
Frotankyra brdentata (Woodward et Barrett)
Acanding molpadioides (Semper)

F offvacca Rathbun Bell

Charypbdis spp.

Ser firkiensis Rathbun

fucrate crenatia de Haan

Typilocarcinus nudus Shmpson

1 viffosus Shmypson

Hewaprs(Hexapus) gramadierusCampbell ef Stephens
Nenophthalmus pinnotheroides White
Nepxenophthalnius oliscnurus (Henderson)
Mictvris fongicarpus Latreille

Clovpode sHmpsons-orimann

LE(Deltwea) arcisaia (de Haan)

L4 I dussuntiers dussummiers H, Milne- Edwards
L8 (Thalssura ) vocans cocans (Linnacus)
L iCeluca) factea factea (de Haan)

(4 spp

Macrophitfialmus (M) cidlatem de Haan
M. iMareots) erato de Haan

M. AMareots) faponicus de Hian

M. IMareotis) domenfosus (Souleyet)
M spp

Camptandrinm sexdentatim Stimpson
Cledstostora difatum de Haan

Hvoplay deschampsi (Rathbun)

{, serrata Shen

£ tansuiensis Sakai

Scopnmers giofasy de Tnan
Metapograpsus guadnidentatus Simpson
Hempgrapsus perticillaties (de Haan)
Nanosesarma (W) mindturn (de Man)
Helice spp,

H. shend Saka
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Flacophiotfimic striclata
Ampfuopilug faevis hnan
A, depressus (Lhwmgman)
Hurtemverdia chinenss
Stveds plicata
Microscosmuys sustralis
Mlotosus aeuiliars
Frioncbuid kodomatodon
Svacchovobiies hasid
Soartefaris virtdis
faleopfithalmnus pectininosiis
Trideniiser trivonocephalus
synenating diarong
Acettfragobiug carinus
Dlvosnlus unanoscopiis
Omolwancfius faponicus



Annex 2:

Seawater Quality Standards
of the People’s Republic of China

[[PARAMETER |  Class| |  Classll | Classil | CiassIV |

Floaling manerials iy il film, bubske, olber $oatiigs on sea suface o chear ol film
bubbiz, plastics,
other flaatngs on
sudace

Caior, odor, smel Seawaler has no foreign, coker, odar, smod o dear foeign
oo, odor, smel

Suspended malenals man-made man-made | man-meade Frian-mace

incease < 10 incroase < 3 | increase <100 incease <15)

Cailorm [<) 10,000 10,000 [ w0 | 10,000

Fiecal colilorm o 140 for culluring water wsed in shelllish for huran consumption without oooking

L | 00 o wealer uisedd for mecrestan,
Fathogans (PFLY) undelected for culluring wetier used n shelfish for human consumpticn wihout cookng.
£ 25 for wetier wsed for eceation I

Water temparatire (4G oy alificil exressive Increase of 190 than surounding in iz artificial increase of 45C than sumounding.

surmmer, 20 increase in ofier seasons.

pH T B5 and variation refalive (o normal range o hewalerin | 6.8-2.8 and variaton reative 1o novmal range ol

question kss than 0.2 pH the walr in question less than 0.2 pH

Drssolved oxyen i 5 - — 3

CoD =< 1 2 ) g

BOD: < 1 1 2 3

Inorganic nitrogen finW) s | 0.20 .30 .40 0.5 =]

Nononnmogen(nhj= | 0006 001 0.010 0.20

Reactve phicspliata (i ) £ loms Q0 (1.0:30 0.045

Mercury < 53 10% | 20 2x 10 S|

Cadmium < 0001 | oo 0010 0010 il

Lead < 0.001 | oo 0010 0.050

Cr < s 0010 0.2 0.050 |

T<hemium < 0 010 0.2 0.5 =

Arsenic < Q020 0030 o 0.050 0.0

Copper < 0005 o010 0050 0.050

i = Q020 0050 010 0.5

Sebariim < o 0o 0020 0080

Hickel < Q0 Q10 0020 Q050

Cyanide < noa 010 020 0

Sullidz (in 5) = (110 | 005 Q40 025

Volalie phenole < 0005 0005 0010 0060

Petiolewn ol < & 210 030 )

[ 0,007 0,002 0003 0005

OOT = 5104 1x104 I %104 12104

Walathian < Hx 104 001 Q0H 005

Maalhyl paraihion < 5104 A 0001 000

Benzopyrens () < 5w 10¢ 25x10% 25 10° 2510

Arion surlacant « 1103 1118 010 .10

| Hadirdices "Ch 0.03 :
(Bal] wg [
TERY 0.02
e 06 —
Gl 07

Modg: Unis i mgd witess spectied, Al mdonuclides shod ba manianed af “masmalyy schiesws kel "
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Annex 3:

Standards of Fishery Water Quality

Colar, odor, smell

Fish, shrimp, shellish, algae should not be stained with foreign clor,

odor and smell,

:2: Floatings Ma obvious cil film or bubble on water surface.

3 Suspended matter Artificial increase should not exceed 10 and should produce harmiul
impacts on fish, shrimp, shellfish, algae after sinking on bottom,

4 pH 6.5-8.5 after for freshwater, 7.0-8.5 for seawater,

5 Dissolved oxygen Exceed 5 for over 16 hours out of consequent 24 hours and not less
than 2 for the remaining hours; not less than 4 for the remaining hours
for water habitat of salmon at ice periods.

G BOD;s (20°C) Mot exceed 5, not exceed 3 at ice period.

7 Total coliform _ Not exceed 5,000 ind/l (not exceed 500 indl for shellish cullure water).

8 Hg < 0.0005

g Cd 0.005

10 Fb 0.05

11 Cr 0.1

12 Cu 0.01

13 Zn { 01 N

14 Ni | 0.05

15 As 0.05

16 Cyanide 0.005

17 Sulfide 02

18 Fluoride 1

19 Non-ion nitrogen 0.02

20 | Knirogen 0.05

21 \olatile phenole 0.005

22 Yellow phosphorus 0.001

23 Pelroleum oil 0.05

24 Acrylon 0.5

25 Acrolein 0.02

26 666 {y) 0.02

27 ooT 0.001

28 Malathion 0.005 o

29 Penchiorosodium 0.01

30 Daphene 0.1

3 Metamidophos 1

a2 Methylparathion 0.0005

33 Furantoin | 0.01
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Annex 4:

Assessment Standards of Sediment
Environmental Quality

PARAMETER Standards
Cu 30
{(ppm)
Pb 25
(ppm)
Zn 80
{ppm)
Cd 05
{ppm)
T-Ha 0.2
{ppm)
ail 1,000
{ppm}
666 0.5
(ppb)
DoT 0.02
(ppb)
Organic matter 34
B
Sulfide a0
{ppm)
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Telefax: (632) 926-9712
Trunkline: (632) 920-2211 Local 4 or 6
E-mail: imo@klink.com.ph
http://www.cnl.net/ ~ imo




	COASTAL ENVIRONMENTAL PROFILE OF XIAMEN
	Table of Contents
	List of Figures
	List of Tables
	Foreword
	Preface
	Summary
	List of Acronyms
	Chapter 1: Physical Endowments and Their Relation to Development
	Chapter 2: Marine Natural Resources and Their Development
	Chapter 3: Urban Socioeconomic and Ecological Status
	Chapter 4: Status of Marine Pollution
	Chapter 5: Marine Ecosystem Features and Problems
	Chapter 6: Legal Framework on the Protection and Management of Xiamen's Coastal Waters
	Chapter 7: Environmental Management Status in Xiamen Coastal Waters
	Chapter 8: Conclusions and Recommendations
	Annex 1: List of Dominant Marine Species in Xiamen Coastal Waters
	Annex 2: Seawater Quality Standards of the People's Republic of China
	Annex 3: Standards of Fishery Water Quality
	Annex 4: Assessment Standards of Sediments Environmental Quality
	References




