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ABSTRACT

Satid , environmentd , and meteria resurces are inportart for tidd flats and wetlands, thus, a harnonious ba-
ance between utilization and protection should be maintained. In the present sudy , the concept o tidd fla is defined ,
and its gatid limtation is A darified. Located at the Yangze Eduary, tidd flasin Shangha area are sected for
gudy. The relationship between water di scharge and sedment trangport of the Yangize River , dlowed exploration intens-
ty and needsfor wetland protection are discussed in the paper. The dynamic process and chang ng trend for different types
o tidd flats are illugrated in detal. Regulations are proposed for a reaonable exploitaion, dynamic protection, and
ecosygem regoration of each individud tidd flat and wetland. Sme va uable suggegtions are put forward for further gudy
about the sugainable exploitation of off dore reurces in Shangha area.

Key words: Shanghai area; harmonious devdlopment; utilization; protection; tidal flat; wetland

1. Introduction

Tidd flats are inundated during high tide and exposed during low tide. They are Smilar to the in-
tertidal zone ; however , their notion is closdly related to the mass exchanges with the supratidal and
subtidal 2one (Chen, 2000; Li e al. , 2005; Reineck , 1978) . Very few supratidal zones exis now
along nog coadal areasdof Shangha and China coaga area, because nmog tidd flatson their landward
dde are limited by dikes and groins. The lower boundary of the subtidal zone is close to the - 10 m
depth contour which in the Yangize Eguary gpproximetely follows the outer boundary of the maximum
turbidity zone , where sediment is frequently resugppended and trangported as well as deposted by the
tidd currents.

Being a mgjor ecosysemwiddy didributed in the world , wetlands are trandtional zones between
water and land. Its lower boundary reaches down to the - 6 m depth contour according to the Ramsar
Qonvention (An, 2002; Chen, 1995) , but the lower boundary of eguarine wetlands remains to be
dudied further , in particular in relation to the growth of vegetation around medium tidal sea level .

Tidd flats have very important gatia reurces, abundant meteria resources, and environmental
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reources. In thispaper , ome innovative ol utions are proposed for suitable exploitation and utilization
o tidal flatsin the eguary , and for the coordination between exploitation and protection. In this case,
priority should be given to a sudainable utilization of tidal flat resources and a healthy reslience of the
tida flat environment.

2. Tidal Hats, Wetlandsand Their Wilization in Shanghai Area

2.1 Background of Tidal Hatsand Wetlands in Shanghai

Tidd flats and wetlandsform a mosaic dong the coagline of the Yangtze Esuary (Fg. 1) . They
cover an area of 660 700 knt above the O m contour , an area of 2300 2400 knf between the 0 m
and - 5 m depth contours, and an area of 2970 3100 knf between the - 5and - 10 m depth corr
tours. About 60 % of these areas condds of tidal flats that are open to the sea: eagern Chongming,
eagern Hengsha , eagern Nanhui and Jiuduansha Sand , as shown in Table 1. 75 %t the tidd flat ar-
eas lieswithin the 0 mto - 5 m depth contours. The other areas are hordered by a river channd , a
sand idand or a bay.
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Fig. 1. Didribution of tidd flatsin the Yangze Eduary.
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Table 1 Areas of tidd flatsin Shanghai (Shanghai Water Burea, 2005) unit : knf
| Idand in the Esuary e Continenta Totdl
Hevation Northern Eagern Eagern CX BDS DS Eagern  Northern
avi avi HS Bank NH HZB
Om 120 93 60 67 40 113 133 40 667
-5m 267 500 420 107 133 320 520 67 2333

* Chongming = QM ; Hengsha = HS, Changking = CX; Biandansha = BDS; Jiuduansha = JDS; Nanhu = NH;
Hangzhou Bay = HZB.
2.2 \Vegetation on the Wetlands in the Yangtze Estuary
Scirpus mariquete grows at the mean tidd leve close to the 2.5 m contour. Honeer individuas
gpopear around the 2 m contour while patches of vegetation gppear a higher eevations on the flats.
Phragmites australis tussocks, gppearing around the 2. 8 m contour , a little lower than the high neap
tide levd , are widdly digributed in high tida flats. In the 1990s an exotic ecies, Spartina alterni-
flora, was introduced and cultivated a a lower level than where Phragmites australis grows, and it
tends awide digribution. At present , the entire vegetation on tidal flats covers 149. 35 knf : of which
85.44 knf for Phragmites australis, 28. 22 ki for Spartina alterniflora and about 25 knf for Scirpus
C (Chen & a. , 2007).

2.3 Balance Between Sediment Deposition on Tidal Hatsand Land Reclamation

The economic development of Shanghal area has reached a hottleneck because of the shortage of
land reources due to the tremendous expangon of civil engineering. The reclamation of tida flats
seems to be the only way to meet the demand of land reurce for the largest metropolitan area in Chi-
na. Inthe Yangize Equary , 425 million-ton sediment has been trangorted from 1951 to 2000. During
the pagt half century , 2100 knf of land is enclosed , of which about 1007 knf is reclaimed , just meet-
ing 47 % o the land demand in Shanghai .

A dynamic balance was maintained during the period between land reclametion on tidal flats and
sediment deposition , while the annual average reclaimed land was about 20 knf during the past 50
years. This dynamic balance can be verified by conparing the area of tida flats from 1980 to 2001
(Table 2) , when large areas of tida flats were reclaimed in Shanghai area. The Sgnificant decreasng
tendency of the sediment discharge into the Yangtze Equary , as reported by some adminigrative de-
partments (Shanghai Water Bureau , 2005) , will have a negative dfect on this balance.

Table 2 Area d tidd flats between O mand - 5 m contour in Shanghai
Year 1980 199512 200011 20012
Area 0 m contour 688. 58!%! 660. 86 666. 67 675. 67
(kn?) - 5 m oontour 2341.54 2410. 27 2333.33 2413.54

[1] Shanghai Goagd Zone Comprehendve Invedigation (in Chinese) , 390 pp. , Shangha Sci. and Tech. Pudl.
1988, China.

[2] Revised program of Shanghai the land reclametion from tiddl flat , 2002 , Shangha Water Burea.

[3] Area above Wusng zero point.
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2.4 Deepening of the Lower Limit for Land Reclamation from Tidal Hats

Before the 1980s, the lower limit for land reclamation was about +3.2 3.5 m (Wusng dar
tum) , closng to the mean high tide level of spring tide. This lower limit was degpened to the O m con-
tour along the coag in the Nanhui Cgpe area in the midde of the 1990s and to the - 2 m contour along
the coadline a the Jinshan Petrochemica Corporation during 1979 and 1980. Progressin coadd engi-
neering made it possble &ter the 1980s to subgitute soft meattress for an aggregate mettress, and sub-
ditute dope protection for block gone with a lattice of concrete. This advanced techrology was gpplied
to deegpen the lower limit of reclamation © as to meet local demands for land resources along the north
bank of the Hangzhou Bay. During the past two decades, the lower limit of land reclamétion in Shang-
hai areawas st at the - 2 m contour.

2.5 Engineering to Induce Sediment Deposition, Hydraulic Reclamation with Dredged Sediments

and Sediment Resource Wilization

For a long time, it was only possble to reclam tida flats in Shargha arsa where sediment was
being depodted at the seavard Sde over awidth of 200 300 m. This kind of reclamation had a low
ecoromic value because only a srall gtrip of new land was obtained and had to be protected by dikes.
However , during the middle 1990s, large areas of tidd flat could be reclaimed and dikes were con-
gructed at the O m contour. For exanple, a high sediment depostion a& arate of 0.188 0.39 m/a
was induced by ur dikes along the Pudong Internationa Airport , the channdsof the Dazhi River and
the Nanhui artificia peninsula (Chen et al. , 2001) . Owing to these measures to pronote depostion ,
130 knf of tidal flat could be reclaimed aong the eastern Nanhui tidal flat during ten years (Fig. 2) .
Meanwhile , the biological method for pronoting depostion was a © adopted in Shanghai area from the
1980s to 1990s. Spartina alterniflora was planted on the tidal flats of the Chongming Idand, the
Changxing Idand , the Jiuduansha Sand and the the eagern Nanhui for pronoting deposdtion at a rate of
0.1 0.2 n/a. Hydraulic reclametion with dredged sediment was pronoted a the eagern Hengsha
tida flat during the second stage of dredging the Yangtze Estuary Deep Navigation Channel , which was
an inva uable ource of sediment in the Yangtze Eguary.

2.6 Exploitation of Tidal Hatsand Protection of Wetland Ecosysem

Many practices in Shanghai area have revealed the favourable dfects of pronoting sediment depo-
dtion on tidd flats, on redlience of wetlands, and on maturing land resulted from wetlands that were
formed on the flats. Therefore , promoting depodtion is an efective method for protection and mainte-
nance of wetland ecosysem. The wetlands of the eastern Chongming Idand (326.07 knf) and the Ji-
uduansha Sand (406. 1 knt) were designed and approved as Wetland Nature Reserves in the Yangtze
Eguary in the 1990s (Li et al. , 2005; Xie, 2004) .

These wetland ecosysems provide favourable conditions for atnmogphere adjusment , draught and
water-logging defence , wave and gorm attenuation , water purification , detoxification and deconpos-
tion of digposed sewage etc. The ecoromic value of the eological service provided by the saltmarsh on
tidal flats was etimated as UD 99 per kit per year (Gostanza e al. , 1997) , while the commercial
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Fig. 2. Hidoricd tidd flat reclamations in the Easern Nanhui and Nanhui Cape area.

value of the sdltmarsh vegetation in the Yangize Estuary and the use of the reclaimed area for agricul-
ture was appraised much lower , only UD 92 (see Table 5.9 in Qugtainable Development Research
Team, Chinese Academy of Sciences, 2000) . The total commercial value of ecologica efects provided
by the wetland ecosysgem in the Yangize Eduary is edimated to be USD 190 348 million per year
(Tong, 2004) .

3. Didribution of Tidal Hatsand Wetland in Shanghai Area

Tidd flatsin the Yangize Eduary can be divided into two types: one is a bank attached to the
land , and the other is an off Sore bar generated within the esuary. They can d 9 be divided into three
types acoording to their locations: those dong the river nouth, those aong the river channd , and
those dong an idand. In severa ways, wetland ecosygems can meet the demandsfor atia reources
and environmental quality in Shanghai area. However , to what extent the atia resources issue could
be harmoniouswith the service functions of wetland ecosysems very much dependson the wetland loca
tion.

3.1 Northern Chongming

Along the northern Chongming , located on the outh bank of the North Branch in the Yangtze Es-
tuary , accretion of tidal flats has resulted in a new land resource of about 406 knf , or 40 % of the total
area reclaimed in Shanghai during the pag fifty years (Fg. 3) . Another large areaof land reclamation
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is being programmed by trgoping sediment on the flats along the North Branch.

N
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Fig. 3. Hidoricd changesin the North Branch dnce 1915.

As the firg bifurcation channel with alength of albout 80 kmin the eduary , the North Branch was
the main river discharge channel of the Yangtze River in the 18th century. In 1915, it ill discharged
25 % of the runoff and was ebb-dominated , however , it gradudly evolved into a flood-dominated chan-
nel with the change of the Chentong channel in the upstream (Yun, 2005) . Sediment was trangorted
by tidal currentsfrom the sea into the North Branch and depodted there , narroning and shallowing the
channel and finaly resulting in atidal bore. The discharge of runoff through the North Branch reduced
to 3.3 % in 1958 and further decreased to 1 %in 1959. The sharp decrease led to a satwater intruson
from the North Branch into the Suth Branch during oring tide (Mao , 1995) . With the increase of the
intruson of st , water and sediment from the North Branch into the river channel , the subsequent for-
mation of a submarine delta around the upper entrance of the rorthern Baimeosha channd (Fig. 4)
were attributed to the large- scae reclametion of tidd flats and some sands during the 1960s and 1970s.
The andydsdf hidorical data shows a dgnificant relation between each individual mgjor reclamation
and each individua increase of the intruson of st , water and sediment from the North Branch.

At the end of the 1990s a grong saltwater intruson was related to the reclamation of a large area
o flats dong the lower southern part of the North Branch. A shamp decrease in channe volume of the
North Branch between 1997 and 2005 (Table 3) was attributed to the congtruction of a dam at Yongx-
ingsha Sand in 2002 to connect it with Xingongsha Sand. Thisled to a reduction of channel width from
57 kmto 2 3 kmand the formation of a sraight flow of both the ebb and flood tidal currentsover two
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third of the length of the North Branch. The a9 led to a decrease in flow sze aswell as a shift in the
direction of the main channd , to the disgppearance of the tiddl bore that had been formed in the Ling-
diangang channdl , to a low bore of variable range around the Qinglonggang channd , to a srdler tidal
range , to a decrease in stwater intruson and to finer loca sediment. A low flow velocity fiedld exigs
now between Qingonggang and Weijiaogang dong the upper channed , while the ebb tida flow domi-
nates the entrance to the North Branch. This ebb-dominated flow erodes a degp channe within the
- 5 m oontour that continuesfrom the river nouth to the entrance , resulting in afawurable change of
river channd in the North Branch.

N
Haimeng Sluice A

Legend

Aug. 1997
Sep. 1999
Apr. 2002

Fig. 4. The subaquetic deta around the entrance of the North Branch.

Table 3 The channd volume of 0 m contour within the North Branch for 50 years
Year 1958 1981 1997 2005
Channd volume
5 20.6 12.8 9.8 6.6
(10° )

Within haf a century , the North Branch evolved from an eblb-dominated digributary channd to a
normal flow channel because of decreasng runoff discharge, increasng tidd current velocity and the
formation of atidd bore (Fig. 3). Thischannd change should be atributed to reclamation associated
with dam ocongruction together with the river channel narrowing and a decrease of flood tiddl current. It
may become arother artificid river channd dter the succesful regulation of the Qiantangiiang Euary.

A sugainable development of the North Branch in the future can be expected because of the gahi-
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lization of the upper bifurcation of the North Branch , the utilization of the potential tidal flat reurces
along the lower channel of the North Branch , and the conservation of the present wetland saltmarsh.

3.2 Four Large Tidal Hatsin the Mouth Bar Area in the Yangtze Estuary

Four tidal flats located in the nouth bar area in the Yangtze Equary are open to the sea: eadern
Chongming, eagern Hengsha, Jiuduansha, and eagern Nanhui (Fg. 5). All are atached to the
ooadd land or to idands and extend into the sea. Only Jiuduansha isilated in the river mouth. The
flats are bordered on two ddes by a channe that ends in the sea, e. g. eagern Nanhui by the
Hangzhou Bay and the Suth Passage of the Yangize Equary. Water flow and sediment flux exchange
over the flats. Sediment a the river mouth bar sysem isfiner in the channds (slty mud and muddy
dlt) and coarser on the flats (mediumfine sand) below mid-tide level down to low-tide level. Sedi-
ment becomes muddy dit a mid-tide level where vegetation grows and nore muddy a higher eevations
where eguarine saltmarsh occurs.

1 T 1
431°30'N
Chonzming
. {31020N
<
L+
N
<
£
5 31°010N
g
" 53]
Shanghai '~.‘_.:
Legend
- Coastline 131N
—5m Contol§r H
............. —10m Cont
2550E 1B 1220108 tpac20E 12203062 20N

Fig. 5. Digribution of river nouth barsin the Yangize Egtuary.

The river nouth bar islocated at the place where the river flow digerses. The di goersed flow from
eagern Chongming enters the North Branch and the flow digersed from eagern Nanhui enters the
Hangzhou Bay or noves towards further off sore. The eduary is located in an area where sat water
mixes with fresh water and an estuarine circulation develops. The salt water intruson fronts enter the
eguarine bar area and generate a st wedge (Hu et al. , 1995). The nog inward point of the st
wedge ooincides with the top sstsof the river mouth bar in the navigation channel (Chen, 1995) .
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The egtuary is afilter where the sediment from the drainage basn deposts, st water mixeswith
fresh water and sediment in the maximum turbidity zone is sugpended, deposted and resugpended
(Chen, 1995; Shen et al. , 2001) . Therdore, in this area, sediment and water novements are very
conplicated , chemica processes are very active and the ecosysgem is ecid .

3.2.1 Eastern Chongming

Sediment deposdts rapidly on the flats of eagern Chongming. The dongwangsha tidd flat , for an
exanple, epanded in a seavard direction a a rate of 342 m/ afrom 1990 to 1996 at the 3.5 m con-
tour. an area of 115 knt has been reclaimed snce 1964. At present , the area of the National Nature
Reserve is 241.5 knf : of which 103 kn? is intertidal flat within the 0 m contour and 138.5 knf is
subtiddl flat below the 0 m contour that extends over 3 kminto the sea (Fig. 6) . The eagern Chong
ming is an important area for migratory hirds in Asa and the Northwes Pacific. The éevation now is
higher than 3.5 m near the dike and the 3.5 m contour has progressed seaward by sediment depostion
a araed 86 m a, the2 moontour at arateof 80 m/ a, but the O m contour at a rate of 25 m/ a dur-
ing the pag three years because of laterd channd diglacement leading to submarine eroson to recede
76 m annudly.

N
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Fig. 6. Hidory of reclamation of tidd flats a eatern Chongming.

Both depostion and erodon should be nonitored for tidal flatsin a natural gate in order to obtain
a balance between dynamic protection and dynamic changes of the Nationa Nature Reserve in the ead-
ern Chongming.
3.2.2 Eastern Hengsha

The eagern Hengsha tidal flat is located between the North Channel and the North Passage with
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the lowest depostion rate around the river nouth bar. Snce the 1950s, the main ebb tidal current in
the North Channel has been di gplaced southward , eroding the Hengsha Idand and the rorthern bank of
the Hengsha shoal , and forming an outlet on the eagern shoad that is connected with the North Pas
sage. At theoutlet an area (39.4 93.4 knf) of strong turbulence and a smell shod has come into
being. Tidd flats shalower than the - 2 m contour changed rapidly and were eroded over an area of
160 kn during the 1960s and 1970s. The area shallower than the - 5 m contour is 420 knf at pre-
*ent.

The eagern Hengsha flats changed greetly due to the condruction of the degp navigation channel
in the Yangtize Esuary. The Hengsha shod was gahilized with the rorthern jetty of this channd , and
the wetland ecosygem on the Hengsha flats was greatly inproved because a large amount of dredged
o0il's deposted there. During the second sage of the Degp Navigetion Channd Poject , the dredged
mud d 0 deposited on the eagern Hengsha flats. Future reclamation on the eagern I4zngsha flats has
been programmed by use of dredged ooils during the conpletior: of the seoond stage and the mainte-
nance works theredfter , showing the progect of a sugainable uevelopment of the Hengsha flats.
3.2.3 Jiuduansha Sand

The Jiuduansha Sand , loczi=a bebween thie Morth Passage and the Suth Passage , conddsdf up-
per , midde and lower sands. The area. above the - 5 m contour is 403 knf , and the area above the
0 moontour is 144 knf. The Jiuduansha Sand has changed consgderably snce the 1960s, when it
emerged only during low tide. Subsequently Phragmites was cultivated there (on medium sand) in the
1980s and dterwards Phragmites together with Soartina aterniflora. That was part of an ecologica en-
gneering project to atract birds from the Pudong International Airport area. Now an area of
444000 hnt' of vegetation covers the Jiuduansha Sand. The area covered with Sartina aterniflora is
128243 hnf and occupies about 29 % of the total vegetation (much smeller than the area covered with
Phragites) .

The southern part of the Jiangya Sand became atached to Jiuduansha as a result of the congruc-
tion of afidrmouth-type dividing dike during the firg dage of the degp navigation channel congruc-
tion. Only awide shalow channd now exigs between the southern Jiangya Sand and the Jiuduansha
Sand. Sgnificant erosgon occurred on the outhern upper Jiuduansha Sand , while the whole Jiuduansha
Sand accreted rapidy because of awider divergence of the river discharge to the North Passage dter the
deep navigation channel workswere conpleted. The area of the Jiuduansha Sand above the O m contour
increased by 10 knf between 2002 and 2004.

Hopefully , the wide channd between the uthern Jiangya Sand and the Jiuduansha Sand will be
filled up with the dredged soilsfrom the deep water channel maintenance. Thiswill benefit both the
dahility of the Suth Passage and the dynamic protection of the upper Jiuduansha Sand within the Jiud-
uansha Nature Reserve.

3.2.4 Eastern Nanhui

During the pagt half century , 201 knf of land was reclaimed on tidal flats of the easern Nanhui

which is located between Pudong and the Nanhui digrict. Now the area above the - 5 m contour is
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546 knt (Fig. 2).

Tidd flat above the 0 m contour has been anog entirdy reclaimed © tha there isanog o in-
tertidal area dong nog parts of this cag. The reclamation was made for an easward enlargement of
the Pudong International Airport. During the 1990s, longitudina groins were made dong both ddes of
the Dazhi River , and a reclametion area on the flats of eastern Nanhui within the - 2 m contour has
been desgnated for a sedimentation programme. Sedimentation is efective even at a lower sediment
supply from the Yangtize River in recent years, which is due to the highly sugpended sediment concerr
tration in the inner meximum turbidity zone , ometimes reaching 21 kg/ n* , which is trangported by the
tides or entrained , or scoured from the submarine delta. The reclamation of tidal flats of eagern Nan-
hui can provide sUficient atia resurces.

However , tidal flatswithout an intertidal zone and vegetation do not have much eoologica val ue.
It istherdfore nog inportant to provide the flats and wetlandswith a reslient ecology , which as a mat-
ter of fact isequa to aredlient intertidal zone. In thiscase, as key water control projects, the Nanhui
Cape and the Meimeosha reserwoir Projects were proposed in 2003 for depostion , accretion and former
tion of an intertidal zone.

3.2.5 Regulation d the Bifircaied Channe! Betiveen the South Channel and the North Channel

Tidd flats are scattered along the river banks, sand gits and sand bars in the Suth Branch and
the Suth and North Channels. Their total area above the 0 m contour is 99 knf , above the - 5 m
contour , 259 k. Very few reclamation projects have been carried out , and the planned reclametions
mainly digribute on the Changxing Idand. In the near future, tidal flats and wetlands on this idand
will be reclaimed and used for the condruction of the Qingcaosha resenoir. Located rorth of the
Changxing I9and and with an areaof 60 knf on the water surface. This resenvoir will provide Shanghai
with freshwater by pipeline.

Badc rulesfor the regulation of protection and exploitation have been proposed for the redlization
of sugainable utilization and protection of tida flats around the Qingcaosha Sand along the bif urcation
channel between the Suth Channel and the North Channel . Both regulation projectsfor the reclamétion
and for the eoologica function of tida flats are important. As to the reclametion of sand emerging at
low tide and the gahilization of subaquatic sands, it is necessary to maintain a tidal flat conposed of
nobile sandy sediment and to maintain self-adjugment through a mass balance during changes of the
river channd .

3.2.6 Tidal Hats Along the North Bank d the Hangzhou Bay

At present , nog tidd flats aong the Hangzhou Bay are located within groins and a few of them
are enclosed at the - 2 m oontour. The I€ft tidal flats above the O m contour cover only 17. 4 knf , and
the area above the - 5 m contour isonly 27.5 knf. The location of the - 8 m contour varies with
time, showing it necessary to grengthen the survey of this part of the coad.

4. The Spartina Alterniflora Problem

As an extic ecies, Spartina alterniflora is said to be poi ©nous and ometimes harnful . How-
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ever , as many cases show , it is certainly not true that al exotic gecies desroy the loca biodiversty.
The reaon why the exctic goecies are inported depends on their functions. Spartina alterniflora was
firg introduced into Chinafrom the United Satesof Americain 1979 for pronotion of sediment depos-
tion and protection of the coas againg eroson. In 1979, a gudy group for Spartina spp. was organized
by the Minigry of Science and Techrology of China under the leadership of Prof. Chong. Thefirg au
thor of thispagper was a member of the group. Late in 1979, a group of four persons made an invedigar
tion of Spartina dong the eag coag of the U. S. from Bogon through North Carolina and Georga to
Horida. Thefirg author of the pgper collected seeds and germchitsfrom the tussocks of Spartina in the
water a the Sppelo I1dand, Gorgia. When he was back to China, the seeds and germchits were suc-
cessul cultivated in Nanjing Univerdty , and then the plants were digributed dl over China. Spartina
anguliea was introduced into China in 1983 and then widdly cultivated , but it could not meet the opti-
mum demands for pronoting depostion because of its lower height and dendty. Alor Shanghal coad-
line Spartina was cultivated on tidd flats in the 1980s. Al it was planted from the Changxing Idand
to the Jiuduansha Idand for the easgward enlargement of the Pudong International Airport together with
the eco-engineering of the Jiuduansha Idand proposed by the firg author of this pgoer in 1996. This
produced highly efective Spartina alterniflora vegetation: individua plants cultivated in 1996 grew
rapidly to a height of 2. 3 mwith the firg tusocks trgpping 20 cmdf sediment in 1997. During coagtd
protection works in Shanghai a few rows of Spartina were cultivated on the flats and on the seaward
dope for wave attenuation. It is a0 being tried out on the radid sand ridges in eagern Jiangsu
province. These practices and experiments show that Spartina pronotes sediment depostion and wave
attenuation for coagta protection.

5. Recommendations

5.1 Dynamic Protection o A Nature Reserve

The requirement of reasonable utilization was added to the Revised Ramsar Gorference on Nature
Reserves. Under the headliine WISE USE, severd international corferences have been held recently on
wetland protection. In Shanghai area, dynamic protection for the Nature Reserves has been conducted
in recent years. Monitoring should be concerned with the dynamics of the Nature Reserves.

5.2 Exploitation by Offshore Engineering

Traditional understanding of the exploitation of goatid reurces involves extrgpol ation towards ad-
jacent areas, to beach reources and to sediment depodtion for new land reclamation. Scientific devel-
opments make it posdble to condder off dhore projects. In Shanghai , this means conddering land recla
metion in water deeper than - 5 m. Artificia idands can be condructed with water depths between
- 10 mand - 15m. In contrag to Kobe, Jgpan , where an artificia idand had to be made in a water
depth of more than - 20 m due to the lack of filling meterid , Shanghai has abundant sediment re-
ources: 3 x 10’ m*of irfill and 3 x 10" m*of bed load can yearly be dredged from the Yangtze Estuary
Degp Water Channdl during the phase 111 of the project (the maintenance phase) . It will be a valuable
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source for artificia idand building.

6. Conclusions

For the gudy of the maintenance of a harmonious balance between utilization and protection of
tidd flats and wetlands, tidal flats in Shangha area of the Yangize Egtuary are sdlected for a case
gudy. Maintaining balanced conditions between sediment depostion on tidal flats and land reclametion
depends on the tempord variations aswell as the nmore permanent changes in water discharge and sedi-
ment supply from the river , and the permanent changes due to reclamation. The balance will be negar
tively dfected by the reduction of the Yangtze River sediment supply and by the increase of land recla
metion , but can be favourably irfluenced by pronoting sediment depodtion on the flats through the in-
cread ng vegetation on the flats, in particular , by planting gpecies that increase sediment depostion.
This has been corfirmed by recent researches in various sections of the esuary. Sediment deposdtion
increases with the congdruction of jetties and channd regiulaion. Optimum conditionsfor sediment de-
postion can be created by planting Spartina spp. , esieciadly Spartina alterniflora on the flats. There-
fore, it is recommended that the congr:ction of artificia isands, channe regulaion and land reclamer
tion are accompanied by maintaiing tidia flats and gimulating the gronth of tidal flats through sediment
depodtion. Sauirrert can be dredged during the maintenance of navigation channd .
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