Springer Environmental Science and Engineering

g

/

f:
/

Shuging An —?] / '

Limin Wang >

1n Science Press
4 Beijing



Wetland Restoration



Springer Environmental Science and Engineering

For further volumes:
http://www.springer.com/series/10177



Shuqging An ¢ Limin Wang

Wetland Restoration

Shanghai Dalian Lake Project

L1 Science Press

4 Beijing @ Springer



Shuqging An Limin Wang

School of Life Science Society of Entrepreneurs and Ecology
Nanjing University World Wide Fund for Nature
Nanjing, China (WWF) China

Shanghai, China

ISSN 2194-3214 ISSN 2194-3222 (electronic)
ISBN 978-3-642-54229-9 ISBN 978-3-642-54230-5 (eBook)
DOI 10.1007/978-3-642-54230-5

Springer Heidelberg New York Dordrecht London

Jointly published with Science Press, Beijing
ISBN: 978-7-03-040057-4 Science Press, Beijing

Library of Congress Control Number: 2014941446

© Science Press, Beijing and Springer-Verlag Berlin Heidelberg 2014

This work is subject to copyright. All rights are reserved by the Publishers, whether the whole or part of
the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation,
broadcasting, reproduction on microfilms or in any other physical way, and transmission or information
storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar methodology
now known or hereafter developed. Exempted from this legal reservation are brief excerpts in connection
with reviews or scholarly analysis or material supplied specifically for the purpose of being entered and
executed on a computer system, for exclusive use by the purchaser of the work. Duplication of this
publication or parts thereof is permitted only under the provisions of the Copyright Law of the Publishers’
locations, in its current version, and permission for use must always be obtained from Springer.
Permissions for use may be obtained through RightsLink at the Copyright Clearance Center. Violations
are liable to prosecution under the respective Copyright Law.

The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant
protective laws and regulations and therefore free for general use.

While the advice and information in this book are believed to be true and accurate at the date of
publication, neither the authors nor the editors nor the publishers can accept any legal responsibility for
any errors or omissions that may be made. The publishers make no warranty, express or implied, with
respect to the material contained herein.

Printed on acid-free paper

Springer is part of Springer Science+Business Media (www.springer.com)


www.springer.com

Foreword

I am glad to know the book titled Wetland Restoration—Shanghai Dalian Lake
Project would be published very soon. Dalian Lake restoration project is a water
source rehabilitation demonstration project launched by our cooperative partner,
World Wide Fund for Nature (WWF), under the support of the HSBC Climate
Partnership program; in view of the concerns about the drinking water safety of the
megalopolis of Shanghai, the project was launched for trying to solve the agricul-
tural nonpoint source of pollution and domestic community pollution in the water
source area.

As the sponsor of the project, I was lucky to make a personal survey on the
project in the field of Dalian Lake, and I am impressed by it: after rehabilitation, the
wetland has not only acquired a beautiful environment but also a clean water source;
the local communities participated in the water source area protection by launching
organic agriculture, which realized the win-win situation of water source protection
and economic benefit. Such a “1 + 1 partner in water source area” mode, namely the
mode that attracts and absorbs the local communities, government, experts, NGOs,
and enterprises, is very worthy of popularization for wetland rehabilitation, popu-
larization for organic agriculture, and urban water source purification.

I am also glad to know that the project had won multiple honors after it was
implemented successfully, such as “The first Occasion of Shanghai Award for
Protection of Mother River,” “Excellent Proposal Award of Shanghai Municipal
CPPCC,” and “Best Project of the first Occasion of Foundation for Guangcai
Program.” I think this is the affirmation of the government and all circles in the
society for the achievements of the Dalian Lake project.

In June 2012, HSBC launched a new round of the 5-year-term HSBC Water
Resource Program with WWF and other cooperative partners, aiming to jointly
boost the protection, preservation, and sustainable utilization of the water resources
in the middle and lower reaches of the Yangtze River. We believe that the future of
the Yangtze River basin is very important to the economic growth of China. By
being established in the enterprise’s sustainable development, HSBC is willing to
boost the harmonious and healthy development of economy, community, and
enterprise with our cooperative partner WWF through species protection, wetland
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vi Foreword

restoration, enterprise participation in water management, environment-friendly
fishery industry, and integrated watershed management and then finally help out
with the green transformation of the Yangtze River basin.

To invest in water is to invest in future. I sincerely express my best wishes for the
publishing of the book.

HSBC Bank (China) Company Limited Bijuan Huang
Shanghai, China
October 2013



Preface

After the Jiangsu Jiangyan Qin Lake “Wetland Forum” conference was convened in
April 2008, Dr. Wang Limin, the deputy director of the World Wide Fund for Nature
(WWEF) China Programme Implementation and the director of World Wide Fund for
Nature (WWF) Shanghai Programme Office, came to my laboratory in Nanjing
University for visiting and communication. Dr. Wang was impressed on the achieve-
ments of the wetland restoration engineering completed by the ecology department
of Nanjing University; after that, Dr. Wang invited me and my wetland restoration
engineering team to go to the Shanghai Dianshan Lake for conducting a similar
scientific research work so as to finally make a contribution to the protection of the
water source area of Huangpu River in Shanghai City.

With the support of the HSBC Climate Partnership China Programme, the wet-
land restoration engineering team of Nanjing University conducted a systematic and
detailed survey with regard to the ecological environment, social economy, and
natural geography of the Shanghai Dalian Lake and the area where the program will
be launched in July 2008 and its surrounding area and prepared the Feasibility Study
Report on Science & Technology Demonstration Programme for Shanghai Dalian
Lake Wetland Restoration. On this basis, with the full support of the Shanghai Lake
Construction and Development Co., Ltd. (formerly Shanghai Dianshan Lake
Development Co., Ltd.), and the Shanghai Administration for Afforestation and
City Appearance, the wetland restoration engineering team of Nanjing University
completed the Protection Planning for Wetland Restoration and Water Source Area
in Shanghai Dalian Lake (2,000 mu'), Construction Scheme Design for Shanghai
Dalian Lake Wetland Restoration (625 mu), and Shanghai Dalian Lake Wetland
Restoration Engineering Based on Community Participation (150 mu), among
which the first two were sponsored by the Shanghai Municipal Development &
Reform Commission and were almost completed and the last one was sponsored by
WWE, which is the first “tough” subject in the field of engineering in the sponsor-
ship history of WWFE.

"1 mu=667 m.
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viii Preface

With the active collaboration and assistance of the relevant departments of the
Shanghai Municipality and the Qingpu District Government and its related organi-
zations, the 150 mu wetland restoration engineering has achieved satisfactory
results. The acceptance and summary conference was convened in September 2010.
At that time, the Water Source Area Forum was held in the WWF exhibition hall of
Shanghai Expo, which was highly acclaimed by the leaders and experts of State
Forestry Administration, State Water Resources Administration, Ministry of
Environmental Protection, and relevant departments of the Shanghai Municipal
Government. The senior experts of WWF International, WWF Britain, WWF China,
HSBC, and the external senior assessment experts were invited to visit the construc-
tion field and conduct field monitoring during the construction period; after analyz-
ing the reports, all experts highly commented on the project and recognized it as a
leading example in the world for the ecological rehabilitation of water source areas
in megalopolises, having far-reaching significance.

This book is compiled on the basis of the above projects. It provides a detailed
description for every stage of the wetland restoration project, including the wetland
background investigation, overall planning of wetland rehabilitation, detailed
design, project construction, tracking, monitoring, and assessment of engineering
results. Upon the living example of the Shanghai Dalian Lake Wetland restoration
project, the book furnishes firsthand data for the wetland restoration project con-
struction and provides a complete and integral description for the overall implemen-
tation process of the wetland restoration project. This book can be used as a reference
for similar wetland restoration projects in future.

Nanjing, China Shuqing An
December 2013
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Project Implementation Background



Chapter 1
Locational Features of Dalian Lake

1.1 Geographical Location

Dalian Lake wetland restoration zone is situated in the south of Lanlu Port, 3.5 km in
the southwest of downstream zone of Dianshan Lake, Qingpu District, Shanghai City,
with the total land of 14.6 km? and the core area of 4.6 km? (Fig. 1.1). There are nine
natural villages of two towns, namely Jinze Town and Zhujiajiao Town in the wetland
restoration zone, where the total population is 7,504 (2,650 households). Dalian Lake
District is 58 km away from Shanghai People’s Square and Hu-Qing-Ping Highroad
run through the zone to offer a convenient and quick transport (Fig. 1.2). Water from
Dianshan Lake, getting through Xietang (Lanlu Port), converges with Yuanxiejing
and Damao Port in Songjiang River, all three of them constitute Huangpu River;
the Lanlu port runs through the whole region of Dalian Lake Zone. According to
Regulations of Shanghai Municipality for Preservations on Upstream Water Sources
of Huangpu River, the zone is an important water source protection zone of Shanghai
Municipality, and its local ecological conditions have important strategic signifi-
cance for Shanghai’s sustainable development.

The water source area of Dalian Lake is an integral part of Dianshan Lake water
system; where the latter is an alternately inflow-outflow lake in Tai Lake Zone,
with the water area of 62 km?, average water depth 2.1 m and maximum water
depth 3.6 m. Dianshan Lake receives mainly the water from Tai Lake; where the
water from Tai Lake flows into Dianshan Lake via Jishui Port, Dazhushe and other
harbours from Northwest to Southeast, and then discharges into Huangpu River
through Lanlu Port, Dianpu River and other rivers; generally it dwells about 29
days; the Tai Lake water is about 17 % of total water yield of Huangpu River and is
one of main water sources of Shanghai Municipality (Fig. 1.3). The water from
Dianshan Lake flows gently, with a flow speed of 0.03 m/s approximately; Jishui
Port and Dazhushe are the main water intakes of Dianshan Lake, with the water
yield of 35 % and 33 % of the total water inflows respectively; Lanlu Port is the
main water outlet of Dianshan Lake, and its water yield is 71 % of the total water
output. Dianshan Lake is a tidal lake, its water level and water yield are not only

S. An and L. Wang, Wetland Restoration: Shanghai Dalian Lake Project, 3
Springer Environmental Science and Engineering, DOI 10.1007/978-3-642-54230-5_1,
© Science Press, Beijing and Springer-Verlag Berlin Heidelberg 2014



4 1 Locational Features of Dalian Lake

Fig. 1.1 Location of Dalian Lake

affected by upstream water, but also by the tidal level of Huangpu River. Dianshan
Lake is not only the drinking water source of Shanghai people, but also plays the
role in transportation, agricultural farm irrigation, aquiculture, impounding control
and flood discharge and so on.

1.2 Natural Conditions

The water source area of Dalian Lake includes the fresh water lake, marsh, river
network, shallow pond, fishpond and waterborne forest. The water source area has the
dense water networks and its water area is 55.7 % of the total planned area. In this
zone there is the largest taxodium ascendens forest; it is the largest one existing in
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Fig. 1.2 Tai Lake water system

Shanghai area currently; the taxodium ascendens forest covers a land of 83 mu and
has almost 8,000 trees; and each of them grows tall and well. There is relatively
small population in water source area of Dalian Lake, where the population per
square kilometer is 520, which is one sixth of the average population of Shanghai
City, and the per capita arable land is 1.21 mu, which is four times of that of farmers of
Shanghai City. Dianshan Lake area in which the water source area of Dalian Lake
is located has about 80 % of the wetland biological species of the fresh lake of
Shanghai City. Due to the local biological resources are quite rich and the biological
diversity is at a high level, the Dianshan lake area is always regarded as one of
few rare wildlife habitats in Shanghai Area. The water source area of Dalian Lake
is the land of Shanghai City for verdurization and is reserved the basic nature of
the farm land.

Dalian Lake belongs to the Dianshan Lake water system; its natural conditions
are basically consistent with that of Dianshan Lake. Dalian Lake looks like a calabash
and covers a land of 4.6 km?, where the perennial average water depth is about 2 m.
Dalian Lake connects with Lanlu Port; in ancient times it was a land.

Dalian Lake area belongs to the North Asian tropical monsoons climate; where it
is mild, moist and there are four distinct seasons, sufficient sunlight, rich rainfall and
long frost-free period. The yearly average sunshine duration of the lake zone is 1,930 h,



6 1 Locational Features of Dalian Lake

Fig. 1.3 Shanghai water source protection zone

and the yearly sunshine percentage is 44 %. The time to have the maximum sunshine
duration is August, where it is 237 h averagely and its sunshine percentage is 58 %;
among the whole winter, the time to have the minimal sunshine duration is February,
where it is 112 h averagely and its sunshine percentage is 36 %. According to the
record, the sunshine duration in the year of 1967 was 2,277 h, and it was the year
having the maximum sunshine duration in past 50 years; the sunshine duration in the
year of 1948 was 1,459 h, and it was the year having the minimal sunshine duration
in past 50 years; the difference between both of them is 818 h.

The yearly average temperature of Dalian Lake is 15.8 °C; January is the coldest
time and the monthly average temperature is 3.6 °C; the extreme minimal tempera-
ture (On January 19, 1893) was —12.1 °C; the hottest month is July and the monthly
average temperature is 27.8 °C; the extreme hottest temperature was 40.2 °C
(on July 12, 1934).

The annual mean rainfall in Dalian Lake area is 1,149 mm; the rainfall in the
period from May to September is generally over 100 mm/month; the time to occur
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the maximum rainfall is June and it is 174 mm/month averagely; the time to occur the
minimal rainfall is December and it is 37.5 mm/month averagely. In 1985, a year
in which the maximum rainfall occurred, the rainfall was 1,673 mm; in 1982, a year in
which the minimal rainfall occurred, the rainfall was 709.2 mm. There are 132
yearly mean rainfall days locally.

For Dalian Lake area, the S-oriented wind prevails in summer; in the period from
June to August, the wind direction frequency is 53 %; the N-oriented wind prevails
in winter; in the period from December to February of next year, the wind direction
frequency is 54 %; the spring and the autumn are the two seasons in which the south
and the north wind alternates; in spring the E-SE wind prevails; but in autumn the
E-NE wind prevails; the average wind speed is 3.1 m/s.

In Dalian Lake area, the yearly mean frosty days are 37.8 days; where the time
to occur the frost is in the middle 10 days of November averagely; the time on which
the frost ends is in the last 10 days of March of next year averagely; the time to
occur the frost at the earliest was October 22, 1979; the time on which the latest
frost occurred was April 23, 1959; the mean period between the earliest frost day
and the latest frost day is 126 days. In a whole year, the month in which the frost
day occurs maximally is January and it is 11 days averagely; following it is
December and it is 10.3 days averagely; in February and March, the average frosty
days are 4-8 days.

In the period from 1875 to 1990, there were totally 300 typhoons happened in
Dalian Lake area; its yearly mean typhoon frequency was 2.6; the maximum
typhoon frequency was 7 and the minimal typhoon frequency was 0; among which
the typhoon being accompanied with the high wind over 10 scale and the typhoon
being accompanied with the rainstorm was respectively 21 and 24 % of the total
frequencies. Generally the typhoon occurs in the period from May to November;
among which it happens maximally in July, August and September, which is
83-89 % of a whole year. In August the typhoon happens maximally, which accounts
for 36-39 % of a whole year. Averagely the influence caused by a typhoon lasts
for 2.6 days, 8 days maximally and 1 day minimally; over half typhoons last for
1-2 days and the typhoon lasting for 5 days or more accounts for 11 %.

The cold wave occurs 3.5 frequencies averagely in a year in Dalian Lake water
area; it occurs frequency up to eight times, at least for 0. The maximum cold wave
occurred in 1960s, where it occurred frequency is 4.9 times per year on average, in
1970s, it occurred frequency is 3.1 times per year on average; in 1980s, it occurred
minimally and the average frequency was 2.4. The earliest cold wave occurs in the
third 10 days of October and the latest one occurs in the middle 10 days of April;
the cold wave occurs maximally in March, following it is December.

Influence of Dalian Lake water area cyclone occurrence frequency is 33.1 times
per year on average, up to 44, at least for 21 times. Normally the cyclone occurs in
May and June maximally; in summer it reduces gradually and becomes minimal in
August; among which the cyclone that may develop is 34 %. In a year the cyclone
rainstorm occurs frequency is 2.5 times, the large rainstorm with the rainfall over
100 mm is 12 %; most of the cyclone rainstorm are the partial rainstorms, and the
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cyclone rainstorm occurs maximally in June; and the large rainstorm occurs in
June mainly too; averagely there is a typhoon rainstorm in a year; in the maximum
year, the typhoon rainstorm occurs frequency four times; but in the minimal year,
it occurs never.

The yearly mean high water level of Dalian Lake is 2.68 m, the yearly mean low
water level is 2.03 m; the historical highest water level is 4.04 m, which occurred on
July 2, 1999; the historical minimal water level is 1.04 m, which occurred on January
9, 1956 (Data source: Maodian Station).

In accordance with the data of Qingpu Sub-centre (Qingpu District Hydrology
Survey Team) of Shanghai Water Environmental Monitoring Center in the year
of 2005, the ammonia nitrogen, total phosphor, chemical oxygen demand and other
indexes of Dalian Lake water area, in view of the evaluation based on Environmental
Quality Standard for Surface Water (GB3838-2002), are mainly centralized in
Category V and inferior Category V; where the integrated evaluation of water
quality is Category III-V. Among which the water quality of Taipu River and Lanlu
Port belongs to Category III basically; the stage performance is Category II; the
index of total phosphor and total nitrogen of Dianshan Lake zone belongs to interior
Category V basically. The water quality in the west region of Qingpu is better than
that of the water in its middle region and eastern region; and the water quality in the
non-flood season is roughly better than the one in the flood season.

1.3 Social Economic Conditions

Dalian Lake water source area involves nine natural villages of two towns (namely
Jinze Town and Zhujiajiao Town); there are 7,504 populations (2,650 households)
in the zone currently, and the local planning area is 14.6 km?.

From Fig. 1.4 and Table 1.1, it can be seen there are large village density and
population density in Dalian Lake water source area; where the population density
is 514 people/km?. Despite of the water factors, for instance, lakes, ponds, rivers etc.,
the density of population on land is 1,160 people/km?; where the per capita agricultural
acreage is 0.88 mu approximately.

In view of the analysis described by Table 1.2, it can be seen the economic devel-
opment level of Dalian Lake water source area is rather low comparing with the
other regions of Shanghai City, and the percentage of the local three industries is
inharmonious; where its regional development should focus on “the one to improve
the percentage of the tertiary industry approximately, limit the secondary industry
and transform the primary industry”. The ecological restoration project of Dalian
Lake water source area should provide sound opportunity for the local area for
adjusting its industrial structure.
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Fig. 1.4 Villages in Dalian Lake water source area
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Table 1.1 Land type of Land type Area (ha)

Percentage (%)

Dalian Lake area

Water system 471.58
Artificial wetland 341.64
Arable land 442.38
Non-farm land 204.4

Scope of phase I 1,460.0

32.3
23.4
30.3
14.0
100.0
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1.3 Social Economic Conditions
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Chapter 2
Regional Evolution of Dalian Lake

2.1 Regional Wetland Type

As same as the forest, grassland, desert and ocean, the wetland is an important integral
part of global ecological environment and an ecological system with particular
hydrologic, soil and biological features. Generally the wetland refers to the natural
transitional zone from water to land. The word of “wetland” was firstly mentioned
by U.S. Fish and Wildlife Service in the publications titled by No. 39 Notice in
1956. In which the wetland was defined as the lowland covered by the intermittent
or the permanent shallow water layer. Such definition satisfies with the needs of
wetland administrators and wetland scientists finitely, and thence it is still adopted
and used frequently by wetland scientists and wetland administrators nowadays.
In 1979, Zoltai, in a discussion meeting of Canadian National Wetland Working
Party, defined the wetland into the one as follows, i.e.: “the land, where the wet soil
dominates and the aquatic plants grow, but the water level approaches to or exceeds
mineral soil in the majority days in the unfrozen seasons”. The definition made by
the Canadian for the word of “wetland” limits the hydrologic conditions and wet
soil conditions more concretely. Upon years’ investigation, the wetland scientists
of U.S. Fish and Wildlife Service defined the wetland as the one as follows, i.e.:
“the wetland is a transitional zone of the terrestrial system and the aquatic system;
on these lands, the water level is normally on or approaches to the earth’s surface, or
is covered by the shallow water”.

In view of the connotation of the wetland, it comprises three features as follows,
ie.

1. The dominant aquatic plants grow on the land periodically at least;

2. The watertight aqueous soil in the matrix dominates;

3. The non-soil matrix is sometimes saturated by water or covered by shallow water
in growth season.

S. An and L. Wang, Wetland Restoration: Shanghai Dalian Lake Project, 13
Springer Environmental Science and Engineering, DOI 10.1007/978-3-642-54230-5_2,
© Science Press, Beijing and Springer-Verlag Berlin Heidelberg 2014
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For the definition of the wetland, it is usually adopted the definition in Ramsar
Wetland Convention currently, i.e.: “the wetland refers to the natural, artificial,
permanent or temporary marsh, peat land or water area, whichever it is static, flows,
fresh water, brackish water, or salt water, including the water area with the water
depth not more than 6 m in the low tide”. In this book the lake wetland definition in
the Ramsar Wetland Convention is adopted.

The main factors affecting the wetland functions include the hydrologic factor
(rainfall inflow process, climate before and after rainfall) and the hydrodynamic
force factor (movement status and dwelling time of water flow in wetland), and the
other hydrologic factors, for instance, non-point source pollutant, retention rate
of runoff and runoff process, dwelling time, water depth, etc. have close relation;
however, the dwelling time of the runoff in the wetland system is controlled by the
runoff inflow process. The main mechanism of the wetland system to control the
non-point source pollution is to increase the runoff infiltration, delay runoff flow,
increase dwelling time, etc., and then make pollutants detain in the system to
decompose and transform, and finally reduce the pollutant loads from going into the
downstream water body; Meanwhile, the rainfall runoff intercepted shall be recycled,
which can improve the utilization ratio of water sources and relieve the scarce
water source.

When designing the wetland system for controlling the non-point source
pollution, it is needed to consider the characteristics of rainfall runoff (rainfall
strength, rainfall duration, rainfall time interval, etc.), wetland dewatering time,
drought tolerance of plants, transpiration and other factors so as to make the
structure and functions of wetland fit to the randomness and rapid change of
rainfall. The load of unit area affects the degradation efficiency of the wetland on
pollutants; the improper design can make wetland system unworkable; in other
words, the primary issue of the design work is to determine the pollution load of
wetland area (currently it is needed to determine the pollutant reduction objective
of wetland in accordance with the pollution source investigation result, and then
obtain the pollution load of wetland area). In the wetland, the degradation extent of
pollutant is related to its dwelling time; whereas the dwelling time is inversely
proportional to the unit area’s load of wetland.

Dianshan Lake evolves from the ancient lagoon in the Holocene period; the
whole lake area is the plain water network zone formed under the fluvial outwash of
the Yangtze River and the depositing effect of the ancient lagoon in the Quaternary
period. According to the record of “Qingpu county annals”, the shore of Dianshan
Lake in the Song Dynasty was about 100 km long; but now the whole lake shore is
about 62.3 km long. In Dalian Lake Demonstration Zone, there are mainly the
aquatic forest, farming point, watercourse and Phragmites communis Trin marsh etc.;
where Douji Port and Dalian River pass through the demonstration zone and
connect with Lanlu Port, which is about 40 ha. Dalian Lake is an integral part
of Dianshan Lake water area; its formation reason is rightly as same as that of
Dianshan Lake. According to the wetland category, Dalian Lake wetland belongs to
the mixed wetland of the natural lake wetland and the artificial wetland caused
by fishponds.
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Meanwhile, Due to the river courses in Dalian Lake wetland are open to the outer
area, the biological species includes not only the conventional sedentary species,
but also the migration-oriented species, as well as the external species; the hybrid
species causes the local original species to change from time to time.

2.2 Regional Wetland Biology

2.2.1 Plankton

In the period from May to August 2008, Nanjing University, Nanjing Agricultural
University and Shanghai Ocean University and other units established an investigation
party to investigate the biological resources in Dalian Lake water area; the collection,
stabilization and number of phytoplankton sample was done by referring to “Lake
Eutrophication Investigation Code”. Additionally 1 L water sample was taken, and
the 25 mL methanal and 15 mL iodine solution were adopted to stabilize the water
sample; afterwards the water sample was taken back to the laboratory and kept still
for 48 h; following the clear solution was absorbed and the rest was concentrated to
50 mL; after shaking sufficiently, 0.1 mL sample was taken by the pipette to make
the category appraisal and cell counting under the optical microscope; where the
references for such category appraisal were the documents prepared by Han Maosen
et al. (1980), every sample was counted two pieces repeatedly, and the sample
with the tolerance exceeding 15 % was re-counted one piece additionally. For the
investigation scope and sampling point, see Fig. 2.1 as follows.

Lanlu Port Lanlu Port

Fig. 2.1 Sampling point for investigation on biological resource
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2.2.1.1 Phytoplankton
Kinds of Phytoplankton

Upon the investigation, totally 86 kinds of algae were found; all of them belong
to 7 phyla and 48 genuses (see appendix Table A.1). Among which there were 11
genuses and 17 kinds of cyanophyta, accounting for 22.9 % of the total phyla and
19.8 % of the total kinds; 1 genus and 14 kinds of Xanthophyta, accounting for
2.2 % of the total phyla and 1.3 % of total kinds; 1 genus and 1 kind of Pyrroptata,
accounting for 2.1 % of total genuses and 1.2 % of total kinds; 1 genus and 2 kinds
of Cryptophyta, accounting for 2.1 % of the total genuses and 2.3 % of total kinds;
2 genuses and 6 kinds of Euglenophyta, accounting for 4.2 % of the total genuses
and 7.0 % of total kinds; 7 genuses and 12 kinds of Bacilariophyta, accounting for
14.6 % of total genuses and 14.0 % of total kinds; 25 genuses and 47 kinds of
Chlorophyta, accounting for 52.1 % of total genuses and 54.7 % of total kinds.
Among which the kind of VII algae from the sampling point of the external river
course was minimal, but the kind of II algae from the sampling point of pond
was maximal.

Dominant Species of Phytoplankton

In view of the density and the distribution of phytoplankton, the dominant species
of the phytoplankton in Dalian Lake water source area are: Phormidium sp. and
Merismopedia tenuissim of Cyanophyta, Cryptomonas erosa of Cryptophyta, Synedra
ulna of Bacillariophyta, Chlorella vulgaris, Tetraédro trigonum, Chlamydomona
simplex and Scenedesmus quadricauda of Chlorophyta.

2.2.1.2 Zooplankton
Kind Composition and Distribution

Totally 24 kinds of zooplankton were found in Dalian Lake water source area,
belong to 15 genuses. Among which the rotifer is of 6 genuses and 13 kinds,
accounting for 40.0 % of total genuses and 54.2 % of total kinds; Cladocerans
4 genuses and 6 kinds, accounting for 26.7 % of total genuses and 25.0 % of total
kinds; copepods 5 genuses and 5 kinds, accounting for 33.3 % of total genuses and
20.8 % of total kinds.

The kinds of zooplankton found in the samples from all river courses and marshes
were found maximally, but it is rather less in the samples from all sampling points
of ponds. No rotifer was found in the samples from the sampling points VI, VII,
VIII and IX.


http://dx.doi.org/10.1007/978-3-642-54230-5_BM1
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Dominant Species of Zooplankton

In view of the distribution and the density, the dominant species of the zooplankton
in Dalian Lake water source area are Brachionus calyciflorus, Diaphanosoma
brachyurum and Cyclops vicinus.

2.2.2 Agquatic Vascular Bundle Plants

There were 10 vascular bundle plants in Dalian Lake water source area, including 3
floating plants, 3 submerged plants, 3 emergent aquatic plants and 1 floating-leaved
plant. The Phragmites communis and the Zizania caduciflora are full of the coastal
areas of river courses, scattered with Paspalum paspaloides; the water surface of
river courses is full of Spirodela polyrhiza, with additional piles of Hydrocharis
dubia (Blume) Backer and Alternanthera philoxeroides; the submerged plant
includes: Cabomba caroliniana, Ceratophyllum demersum, and Potamogeton
malaianus Miq.; where the dominant plants in the coastal areas of ponds include the
Phragmites communis and the Paspalum paspaloides, and the one on the water
surface includes: Spirodela polyrhiza, Hydrocharis dubia, Alternanthera philoxe-
roides and Trapa natans.

2.2.2.1 Floating Plant

Spirodela polyrhiza, Lemnaceae, Spirodela; Hydrocharis dubia, Hydrocharitaceae,
Hydrocharis; Alternanthera philoxeroides, Amaranthaceae, Alternanthera.

2.2.2.2 Submerged Plant

Ceratophyllum demersum, Ceratophyllaceae, Ceratophyllum; Potamogeton malaianus,
Potamogetonaceae, Potamogeton; Vallisneria natans, Hydrocharitaceae, Vallisneria.

2.2.2.3 Emergent Aquatic Plant

Phragmites communis, Gramineae, Phragmites; Zizania caduciflora, Gramineae,
Zizania; Paspalum paspaloides , Gramineae, Paspalum.

2.2.2.4 Floating-Leaved Plant

Trapa natans, Trapaceae, Trapa.
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Table 2.1 Kind composition and distribution of zoobenthos in every sampling point

Sampling point

Kind I v v VI VII VIII IX
Mollusca
Bellamya B. aeruginose + +
B. purificata + + + +
B. purificata + + + +
Angulyagra A. polyzonata + +
Alocinma A. longicornis + + + + + +
Parafossarulus P. sinensis + +
Limnoperna L. lacutris + +
Unio U. douglasiae + +
Anodonat A. fluminea +
Annelida
Limnodrilus L. claparedeianus + + +
L. hoffmeisteri + + + +
Branchiura B. sowerbyi + +
Tubifex T. tubifex
Arthropoda
Chironomus C. flaviplumus + +
Dicrotendipes D. pelochloris
Statistics 8 4 4 6 7 3 5

2.2.3 Zoobenthos

2.2.3.1 Kind Composition and Distribution of Zoobenthos

The substrate of the sampling point II and III in Dalian Lake water source area
pond is the hard sediment, where no zoobenthos were found. As for the other
sampling points, 15 zoobenthos were found upon the appraisal, belonging to 3
phyla and 12 genuses (Table 2.1); among which, the mollusca is of 7 phyla and
9 kinds; oligochaeta is of 3 phyla and 4 kinds; Chironomidae is of 2 phyla and
2 kinds, accounting for 60 %, 26.7 % and 13.3 % of the total kinds
respectively.

2.2.3.2 Dominant Zoobenthos in Dalian Lake

The dominant zoobenthos in Dalian Lake water source area includes: B. purificata,

B. purificat and A. longicornis.
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2.2.4 Fishes

Dalian Lake has the characteristics of the fish compound ecosystem of Dianshan
Lake water system, dominating by cyprinid fish; following it is the sedentary small
freshwater fish, estuary-oriented rich saltwater fish and migratory fish; where the
main fishes include: Coilia nasus, C. nasus taihuensis, Neosalanx tangkehkeii
taihuensis Chen, common carp, crucian carp, gurnard, Erythroculter mongolicus,
Topmouth culter, Erythroculter illshaeformis, Erythroculter dabryi, Paracanthobrama
guichenoti, Hemibarbus maculatus, Elopichthys bambusa, Saurogobio dabryi,
Hemicculter Leuciclus, various Rhodeus sinensis Gunther, catfish, eel, mullet,
Siniperca chuatsi, Cymoglossus robustus, Channa argus, Takifugu obscurus, and
other breeding fishes, such as grass crap, black carp, silver carp, bighead carp,
Bluntnose black bream, carp and so on. Upon the investigation on Dalian Lake
water source area, the fishes under 5 orders, 9 families and 24 species were found.

2.2.5 Birds

There are flourishing vegetations, excellent habitat and special rich bird resources
in Dianshan Lake area. According to the investigation, the birds under 17 orders,
48 families and 183 species were found, including 1 bird species under the first-grade
State protection (Mergus squamatus), 39 bird species under the second-grade State
protection, 1 bird species under the Chinese endemic species (Paradoxornis heudei),
8 bird species under Chinese White Paper for Endangered Animals and 33 bird
species under Convention on International Trade in Endangered Species of Wild
Fauna and Flora (CITES).

2.2.6 Animals

The animals recorded in Dianshan Lake area involve in 9 orders and 34 species,
including 3 animals under the second-grade State protection (Common Otter,
rasse, zibet), and 5 animals under CITES.

2.2.7 Endangered Rare Species

According to the years’ investigation and the historical records, there are 40
mammalian species, 424 bird species (including the subspecies), 32 Reptiles species,
14 amphibians species and 250 fish species in Shanghai area. Among which there
are 9 wildlife animal species under the first-grade state protection, for instance,
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hooded crane, Ciconia boyciana, Chinese sturgeon, etc.; 62 wildlife animal species
under the second-grade State protection, for instance, black-faced spoonbill,
grey crane, Cygnus columbianus, Platalea leucorodia, tiger frog, sea turtle, etc.;
56 species in the appendix to Convention on International Trade in Endangered
Species of Wild Fauna and Flora (CITES), 185 birds species under Agreement of the
People’s Republic of China and Japanese on the Protection of Migratory Birds and
their habitats, 86 bird species under Agreement of the People’s Republic of China and
Australia on the Protection of Migratory Birds and their habitats, and 46 wildlife
animal species under the key protection of Shanghai City, for instance, leopard cat,
rrinaceus earopaeus, hog-nosed badger, magpie, zaocys dhumnade, etc.

2.2.8 Invasive Species

The invasive species in Dalian Lake water source area includes Cabomba caroli-
mana, Eichhirnia crasslpes and Ampullaria gigas Spix, etc.

2.3 Regional Wetland Evolution

Dianshan Lake water area evolves from the ancient lagoon in the Holocene period;
the whole lake area is the plain water network zone formed under the fluvial out-
wash of the Yangtze River and the depositing effect of the ancient lagoon in the
Quaternary period. According to the record of Qingpu county annals, the bank of
Dianshan Lake in the Song Dynasty was about 100 km long; but now the whole lake
bank is about 62.3 km long. Dalian Lake is an integral part of Dianshan Lake water
area; its formation reason is rightly as same as that of Dianshan Lake. According to
the wetland category, Dalian Lake wetland belongs to the mixed wetland of the
natural lake wetland and the artificial wetland caused by fishponds.

Due to the river courses in Dalian Lake wetland are open to the outer area,
the biological species includes not only the conventional sedentary species, but also
the migration-oriented species, as well as the external species; the hybrid species
causes the local original species to lose and change from time to time.

Since the beginning of the twentieth century, as the local population increases
hugely and the frequent actions to reclaim farmland from lakes, the lake area of
Dalian Lake has reduced sharply. The water area of Dalian Lake in 1980s was
1.474 km?, but now it is only 0.9 km?. Additionally, due to river courses are silted
seriously and the lake is netted to breed fishes, which causes poor flow and high
density of suspended matters to Dalian Lake water area, and makes the water of
whole lake area eutrophicated; which affects the native species for survival and the
migrant fishes for activity seriously. Currently plenty of important species in Dalian
Lake area have already extinguished, and the Gorgon fruit, Brasenia schreberi and
myxiocyprinus asiaticus are at the risk of disappearing too.
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2.3.1 Kinds of Phytoplankton and Evolution
of Dominant Species

In recent 50 years, the blue and green algae have been growing rapidly in Dalian
Lake water source area. According to the data, the phytoplankton quantity in
Dianshan Lake in 1959 was not beyond 2,000/L, but in 1991, it was 9 x 10°/L; how-
ever in 2000, it exceeded 10x 107/L; in the year of 2008, the phytoplankton quantity
in Dianshan Lake was 2.04 x 107/L; but a downward trend in the percentage of the
algae fitting for aquatic economic (Table 2.2).

2.3.2 Kinds and Quantity Evolution of Zooplankton

The zooplankton is the first secondary productivity of lake and the important nature
bait for fishes. The kinds and changes of zooplankton reveal the influence of lake
eutrophication to lake ecology to some extent (Table 2.3).

In view of the historical investigation results, it can be seen the zooplankton in
Dianshan Lake water area is mainly dominated by protozoa, rotifera, cladocera
animals and copepoda animals under the crustacean category. In view of the bio-
logical number, the rotifera and the protozoa are the main zooplankton. The number
of the rotifera is an important indicator species for the eutrophication extent of
water. In view of Table 2.4 as follows, it can be seen the number of the rotifera in
2000 increased highly comparing with the one in 1982; which shows the water
eutrophication intensifies to some extent.

2.3.3 Type, Quantity and Distribution Evolution
of Aquatic Vascular Bundle Plants

The aquatic vascular bundle plants are the higher aquatic plants with the vascular
bundle structure. According to the ecological features, the aquatic vascular bundle
plants can be divided into four categories, namely emergent aquatic plant, floating-
leaved plant, floating plant and submerged plant.

In accordance with the two investigations made by East China Normal University
respectively in the period of 1983—1985 and 19871988, the aquatic vascular bundle
plants under 23 families and 26 species were found in Dianshan Lake water area.
The two investigation results had no big difference, but no Nymphoides peltatum
(Gmel.) O. Kuntze, Pseudobulbus Cremastrae Seu PLeiones, Nymphaea alba,
Spirodela polyrr-hiza Schleid were found by the investigation made in 1987-1988,
however the Najas marina, Najas minor-Caulina fragilis, Potamogeton pectinatus
and Alternanthera philoxeroides were additionally found in the investigation
sample. The emergent aquatic plants in Dianshan Lake water area was absolutely
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Table 2.4 Comparison on zooplankton biomass in Dianshan Lake water area

Biomass/(piece/L)

Year Protozoa Rotifera Cladocera Copepoda
1982 754-1,320 81-400 24-56.1 18.5-40.56
1987-1988 1,400 783 60 140

2000 400 1,160 109 117

2008 710 370 500

dominated by the Phragmites communis; which was scattered in the south of
Dianshan Lake and the lakeside area in Shangta Town; the floating-leaved plant in
Dianshan Lake water area was the Trapa; the floating plants were mostly distributed
in the broad water area, mainly the Alternanthera philoxeroides, duckweed, Azoila
imbricate, Hydrocharis dubia, Spirodela polyrrhiza, FEichhornia crassipes,
Nymphaea alba etc.; the submerged plants included Vallisneria natans, Hydrilla
verticillata, Ceratophyllum demersum, Myriophyllum spicatum, Najas marina and
Najas minor. Caulina fragilis, etc. Upon the two investigations above, It was found
the kinds of the submerged plant different hugely each other and the submerged
plant community changed hugely in the investigation in 1988, where a large area of
Myriophyllum verticillatum, Hydrilla verticillata, Najas marina and other algae
with less nutrient substances and hard to collect and utilize occurred; such algae
have strong adaptability; if they grow into the main community of the submerged
plants, it shall hugely change the ecological environment of the local water area.

In the year of 2000, Shanghai Ocean University Fishery College made an inves-
tigation in Dianshan Lake water area, where the aquatic plants under 2 families and
20 species were totally collected; among the collected aquatic plants, the Vallisneria
natans, Hydrilla verticillata, Ceratophyllum demersum were the main species; the
aquatic plants in the coastwise area were mainly the Phragmites communis and the
Zizania caduciflora; the floating aquatic plants in water were mainly the Eichhornia
crassipes, Commom Duckweed, Salvinia natans, etc.; the submerged plants were
mainly the Vallisneria natans.

2.3.4 Type, Quantity Distribution and Evolution
of Bentonic Organism

The bentonic organism is a group of organism living at the bottom of water.
In August 1983, the Biology Department of East China Normal University made a
qualitative and quantitative research on samples collected from 39 points (frequencies),
where 21 mollusks, 8 crustaceans, 2 aquatic insects and 1 polychaetes animal and
1 oligochaeta animal were found. In the biocenosis the mollusk dominated,
which accounted for 93.23 %; following it was the crustacean (3.69 %) and aquatic
insect (0.9 %).
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Again in the period from 1987 to 1988, East China Normal University, upon its
another investigation, found the bentonic organism under 3 families and 6 classes,
all of which belonged to 16 families 35 species; comparing with the investigation
result in 1983, its community structure did not change hugely; where the mollusk
dominated absolutely (90.9 %); however, the quantity of the Chironomid larvae and
the oligochaeta organisms, which was stable originally, shown the increasing
tendency; but the large mollusk animals, for instance, the number of Trigonioides,
reduced and shown a tendency to become smaller; the number of the arthropods
shown its reduction tendency too, even the Chinese soft-shell turtle was rare to see.

In 2000, ten zoobenthos were found in the samples collected by Shanghai Ocean
University from the given collection points, which were mussel, corbicula fluminea,
oncomelania, Bellamya, viviparid, Schistodesmus lampreyanus, Semisulcospira
libertine, Chironomid larvae, clam worm, Bithynia tentaculata. Comparing with the
investigation made by East China Normal University in 1983, the bentonic organism
in Dianshan Lake water area, whichever it is the quantity or the species, shown its
reduction tendency; however, the quantity percentage of the Chironomid larvae and
Tubificidae approached to 50 %; which shown the pollution in Dianshan Lake water
area became serious day after day.

2.3.5 Composition, Distribution Characteristics and Aquatic
Product Types of Fishes in Dianshan Lake

The Dianshan Lake water area is an integral part of the Tai Lake water system, having
the characteristics of the fish compound ecosystem of Tai Lake water system;
where the cyprinid fish dominates; following it is the sedentary small freshwater
fish, estuary-oriented rich saltwater fish and migratory fish. The main fish species in
Dianshan Lake water area includes: Coilia nasus, C. nasus taihuensis, Neosalanx
tangkahkeii taihuensis Chen, common carp, crucian carp, gurnard, Erythroculter
mongolicus, Topmouth culter, Erythroculter dabryi, Paracanthobrama guichenoti,
Hemibarbus maculatus, Elopichthys bambusa, Saurogobio dabryi, Hemicculter
Leuciclus, various Rhodeus sinensis Gunthers, catfishs, eels, mullets, Siniperca chuatsi,
Cymoglossus robustus, Channa argus, Takifugu obscurus, and other breeding fishes,
such as grass crap, black carp, silver carp, bighead carp, Bluntnose black bream and
mirror carp and so on. Upon the multiple investigations made by Shanghai Ocean
University respectively in 1959, 1974, 1981-1982, 19821985 and 1987-1988, the
fishes under 60 families 75 species, 47 families 61 species, 42 families 62 species,
44 families 55 species and 34 families 45 species were found accordingly. Upon
the multiple investigations on the composition of fish fauna, the wildlife cyprinid
fish were dominated in 1950s, but the breeding fish species were very rare; however,
there were a quantity of estuary-oriented fishes and the migratory fishes, and some
large yellowcheck carps; in 1970s, the migratory fishes and the estuary-oriented fishes
reduced in Dianshan Lake water area, but the breeding fish species were increased
rapidly. In view of the yield data obtained from the fishery service, the breeding fish
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Fig. 2.2 Yearly crab yield in Dianshan Lake water area

species in Dianshan Lake water area increased to 50 % in 1980s from 5 % in 1950s
and 30 % in 1970s.

In view of the multiple investigation results, the fish fauna in Dianshan Lake
water area changed hugely in the past 30 years, and 30 fish species disappeared.
The investigation result 2008 shown the fish species available in Dianshan Lake
water area currently was only 40 % of the one in 1959, where 14 fish species
were under the cyprinoid; most of fish species reduced were the migratory fishes
and the semi-migratory fishes; the direct reason to cause such reduction is the dam
structure constructed by human being, which possibly blocked the migration
channels of fishes; the other possible reason is the unreasonable fishing operations.
Figure 2.2 shows the Chinese Wollhandkrabbe yield in Dianshan Lake water area in
the past 30 years (Data source: Qingpu District Aquatic Products Department).
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Chapter 3
Characteristics of Hydrologic Environment

3.1 Hydrologic Characteristics

For the Dalian Lake water system, where the Douji Port and the Dalian Port are
connected with the Lanlu Port (Fig. 3.1), and the floodgate in the west side is the
Lianhu floodgate, and the floodgate in the east is the Douji floodgate. The Lanlu
Port in the north is the main connecting water course of Dianshan Lake and Huangpu
River; the water flows from the west to the east and flows into the Huangpu River.

The flood period of Shanghai is the period from June to September. Generally the
Douji Floodgate is closed in July and August; the time to close the floodgate is not
beyond half a month generally. The water level in the river course of the Douji
Floodgate is 2.84 m (Marked height of Wu Song); the water level in winter is
2.64 m. When the water level of the internal river course reached to 3.29 m, the
water pump at the floodgate shall start working to pump water till the water level
recovers to or beneath the warning water level of 3.14 m.

For Dalian Lake, the widest section of the river courses to its Douji Port and
Dalian Port is about 10 m, but the narrowest section is only 5 or 6 m; where allows
the local small fishing boats to access. The floodgate in the west is the Lianhu
Floodgate, the floodgate in the east is the Douji Floodgate. Such two floodgates are
open usually for fishing boats to access, but only closed when flood arrives; in such
case, the water pumps at the floodgate start working to divert the excessive water in
fishing ponds and the internal rivers to Lanlu Port to reduce their water level. The
Lanlu Port is a main connecting water course to Dianshan Lake and Huangpu River;
where water flows from the west to the east and goes into Huangpu River. The river
course to the Lanlu Port is about 30 m wide, where allows the large boats to pass.

Lanlu Port is in the north of Dalian Lake water source area. As a main river
course in Qingpu district, Lanlu Port is situated in the southeast of Dianshan Lake
and between the large and small Lianhu Lake. Lanlu Port originates from Guanwang
Temple in the lakeside of Dianshan Lake, connects with Mao River in the south,
and extends to Dongfanghong Bridge of Qingfeng Highroad; Lanlu Port is a main
tidewater river port of Dianshan Lake, but also one of main shipping lanes to

S. An and L. Wang, Wetland Restoration: Shanghai Dalian Lake Project, 27
Springer Environmental Science and Engineering, DOI 10.1007/978-3-642-54230-5_3,
© Science Press, Beijing and Springer-Verlag Berlin Heidelberg 2014
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Fig. 3.1 Water system in the planned area of Dalian Lake

connect the Tai Lake watershed and Shanghai (Table 3.1). Lanlu Port is 8.7 km long,
30 m wide at the bottom, 3 m high at the bottom near to Dianfeng Peak, wide 80 m
at the river surface and with the flow rate of 1 m/s. The river to Lanlu Port is wide
and deep, where the water flows rapidly and the cross-section of river is 210 m?.
Lanlu Port is a Class V shipping lane and is one of main river reaches of Sushen
Outer Port Line, allowing the ships of 200-300 t to pass and irrigate 20,000 m
farmlands. There are three source flows in the upstream of Huangpu River, among
which the W-N source flow is the main flow. Starting from Koudianfeng of Dianshan
Lake, it is the Lanlu Port, with Mao River, Xie Pond, Sanjiaodu following; where
Taipu River converges with Mao River; the W-N source flow carries the water
coming from Tai Lake and Dianmao area of Jiangsu Province; after Taipu River
is opened, it becomes the main water source of Huangpu River. From which it can
be seen Lanlu Port is very important to the protection on the water quality of
Huangpu River.

The average water depth of Dalian Lake in normal flow year is 2.0 m, the
water surface area is 8.7 km? and the impoundage is 17,400,000 m?; the average
water depth in low flow year is 1.5 m, the water surface area is 6.5 km? (by 3/4),
and the impoundage is 9,750,000 m?; the evaporation and the water diversion
are regarded as the water yield; the yearly mean precipitation in Dalian Lake
area is 1,181 mm; the land evaporation is 764 mm, and the water surface evapo-
ration is 842 mm.
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Table 3.1 Data for tide level and precipitation of Lanlu Port in recent period (Maodian Monitoring
Station)

Water level at Maximal water

8:00 o’clock (m) level (m) Time of tide Precipitation (mm) Date

2.83 2.99 19:05 — 2008-9-8
2.96 3.07 17:50 0.5 2008-9-7
3.07 3.10 19:05 14.0 2008-9-6
2.98 3.06 18:05 21.0 2008-9-6
2.88 3.01 5:20 — 2008-9-5
2.88 3.03 4:25 — 2008-9-4
2.85 3.04 3:50 — 2008-9-3
2.86 3.04 4:30 — 2008-9-2
2.81 3.05 4:35 1.0 2008-9-1
2.79 3.01 3:35 3.0 2008-8-31
2.75 2.98 3:40 1.0 2008-8-30
2.71 2.92 2:00 — 2008-8-29
2.90 3.10 3:40 6.5 2008-6-19
2.83 3.02 2:55 20.5 2008-6-18
2.711 3.00 2:40 — 2008-6-17
2.99 3.11 5:40 29.0 2008-6-22
2.90 3.05 5:25 — 2008-6-21
2.90 3.08 3:45 — 2008-6-20
Herein 3 days were the period in which the water level (tidal level) changed extremely in 2008
3.29 3.37 5:45 325 2008-6-24
3.19 3.30 6:15 49.5 2008-6-23
2.60 2.79 23:40 — 2008-9-11

3.2 Physical and Chemical Characteristics
of Water Environment

An overall investigation was made on the breeding ponds, river water and substrate
of Dalian Lake water source area in 2008, where totally 14 water samples and 30
bottom sediment samples (including the blank) were made as per the grid layout
sampling pattern (Fig. 3.2), all such samples covered ponds, rivers and aquatic forest
and other zones in water source area.

For the water quality of Dalian Lake water source area, see Table 3.2 as follows.
Rivers and aquatic forest were seriously polluted by nitrogen, where the total nitro-
gen went beyond 2.0 mg/L and thence the water quality belongs to the poor V grade
(according to the water quality standard of surface water). Except some breeding
ponds, most of them had the total nitrogen less than 1.5 mg/L. The ammonia nitro-
gen concentration is 0.43-0.79 mg/L; such concentration can not make breeding
animals poisoned (1.0 mg/L), but it can affect their growth (<0.5 mg/L). Among the
three kinds of nitrogen, the Nitrate Nitrogen is toxic minimally; when the Nitrate
Nitrogen concentration in water body is over 1.0 mg/L, the penetration of aquatic
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Table 3.2 Water quality of Dalian Lake water source area

Analysis item

Total nitrogen Ammonia Nitrate Nitrite TSS
Sampling point  (mg/L) nitrogen (mg/L) nitrogen (mg/L) nitrogen (mg/L) (mg/L)
Aquatic forest ~ 3.82 0.79 1.99 0.02 96
River course 3 2.06 0.65 2.17 0.04 135
River course 5  2.78 0.57 2.97 0.09 152
T1 2.57 0.43 2.2 0.01 182
TI11 2.70 0.55 2.08 0.01 214
T13 2.15 0.52 1.52 0.01 154
T63 2.32 0.75 1.56 0.02 110

animals and the transport capacity of oxygen will be affected; when the Nitrite
Nitrogen concentration is less than 0.1 mg/L, it shows the Nitrite Nitrogen concen-
tration in water is normal. The total suspended solids in aquatic forest, river and
breeding ponds are high, so any of them are not suitable for people or livestock for
drink. Generally the total ammonium in the breeding ponds in summer and autumn
is 0.5-4 mg/L, nitrite nitrogen 0.1-0.4 mg/L, nitrate nitrogen 0.1-2 mg/L; provided
any of the limits above is exceeded, it shall mean the breeding water suffers with
great pollution by organic pollutants. The water of the demonstration point of Dalian
Lake is rather turbid, the aquatic forest and rivers are of eutrophication, and the
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breeding ponds are under the risk of organic pollutants, so it is needed to improve
their water quality to ensure breeding safety.

In Table 3.2, it can be seen the total nitrogen concentration of water in Dalian
Lake water area is generally high, the total nitrogen content of water in its aquatic
forest is 1.9 times of that of the Class V water quality index, so it is the poor Class V
water; the total nitrogen in ponds is 2.435 mg/L averagely, which is 1.22 times of
that of Class V water (according to the national standard), which is entrophicated
seriously; the TN content in rivers in water source area is 2.42 mg/L averagely, which
is entrophicated too. In view of the analysis on the investigation data, the water
entrophication in water source area has a sequence as follows, i.e.: aquatic for-
est>pond >river. From which it can be seen the water that does not flow has high

entrophication, which reveals the water source area is the pollution source too
(Figs. 3.3 and 3.4).
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Table 3.3 Bottom sediment depth of Dalian Lake

Water depth ~ Offshore Sediment depth
Site Longitude and latitude (m) distance (m) (cm)
T1 31°04.306; 121°00.611 1.15 3.0 11
T13 31°04.301; 121°00.491 1.75 4.5 18
T11 31°04.347; 121°00.415 0.75 1.0 8
River course 1 — 2.87 — —
River course 2 31°04.177; 121°00.463 0.95 — 135
River course 3 31°04.283; 121°00.309 1.62 — 20
River course 4 31°04.361; 121°00.385 1.53 — 30
River course 5 31°04.593; 121°00.050 1.75 — 65
T71 31°04.331; 121°00.344 — — —
T63 31°04.535; 121°00.090 0.70 2.2 25
Aquatic forest 31°04.528; 121°00.101 1.2 1.5 40

The bottom material of the demonstration area at Dalian Lake is shown in
Tables 3.3 and 3.4. Upon the comparison (open ground), the content of nitrogen,
phosphor and organic matter is 0.24 g/kg, 0.52 g/kg and 0.96 % respectively, which
reveals the nutritive salt in the bottom soil of Dalian Lake area is at a lower level.
The aquatic forest has the roles and functions of filtration and pollutant purifica-
tion, where the content of total nitrogen, total phosphor and organic matter is
respectively higher than that of rivers and breeding ponds. The nutritive salt and the
sediments in the rivers from which samples are taken come mainly from the domes-
tic sewage from small towns and the village-level rivers, where the pollution is seri-
ous and the content of total nitrogen, total phosphor and organic matter is respectively
2.67 g/kg, 0.79 g/kg, and 3.82 %; each of which grows by 10.1 times, 0.53 times and
3.0 times of the comparison data. The nutritive salt and sediments in breeding ponds
come mainly from the feedstuff and fertilizer, where the content of total nitrogen,
total phosphor and organic matter grows respectively by 5.9 times, 0.47 times and
2.92 times of the comparison data.

3.3 Biological Characteristics of Water Environment

3.3.1 Density of Phytoplankton

During the investigation period in August 2008, the total average density of the
phytoplankton in Dalian Lake water source was 2.04 x 107 cell/L; among which
the maximum one was Cyanophyta, i.e.: 1.56x 107 cell/L (accounting for 76.6 %);
following in turns it was the Chlorophyta 3.57 x 10 cell/L. (17.5 %), Bacillariophyta
7.22%x10° cell/lL (3.5 %), Cryptophyta 3.74x10° cell/lL (1.8 %), Xanthophyta
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Table 3.4 Analysis on bottom materials of Dalian Lake

Analysis items

Sampling site Total nitrogen (g/kg) Total phosphor (g/kg) Organic matter (%)
CK (contrast) 0.24 0.52 0.96
Aquatic forest A 4.34 1.27 8.38
Aquatic forest B 1.77 0.93 4.05
Aquatic fores