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Introduction

This atlas was created based on long-term, comprehensive observations and research conducted by the
Jiaozhou Bay Marine Ecosystem Research Station over the past decade. The book covers the distribution
of different ecological elements in four seasons, including physical oceanography, chemical oceanography,
biological oceanography, suspended matter and sediments in Jiaozhou Bay. The information is presented in
an intuitive way, reflecting the long term changes in the major elements of the Jiaozhou Bay ecosystem. It is
anticipated that this atlas will provide basic data that can be used for decision-making regarding the Jiaozhou
Bay ecosystem, as well as studies investigating long term changes, marine ecosystem health assessment, marine
environment protection and sustainable development of the marine economy of the bay. Additionally, the atlas
will help individuals conducting research in the marine science, ecological science and global change fields
understand the status of the Jiaozhou Bay ecosystem.
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>> Preface

In the field of Earth Science, "global change" and "ecosystem" are commonly
mentioned. There is currently a great deal of interest in the effects of global change
and human activities on ecosystems. As an important part of the global ecosystem,
the ocean is the main force driving global climate and environmental change.
Accordingly, understanding how evolution, mechanisms and trends in the marine
ecosystem are influenced by natural processes and human activities is important to
establishment of ecosystem based management and realization of the sustainable
development of marine resources, as well as to addressing social and economic
development. One of the core issues in the study of long-term changes in the
marine ecosystem is the availability of long-term observational data. Because of
the particularity and complexity of the ocean, it is very difficult to conduct long-
term observations of marine ecosystems. Therefore, it is very important to share
observation data and maximize its roles.

The Jiaozhou Bay ecosystem plays an important role in Chinese marine
ecosystem research. Jiaozhou Bay is a typical bay serving ports, tourism,
industry, urban construction, aquaculture and marine engineering. The bay is
not only influenced by natural changes, but also human activities, acting as a
miniature model of Chinese coastal ecosystem change. Additionally, the bay is a
good representative of coastal ecosystem both domestically and internationally.
Jiaozhou Bay is an ideal area to reveal the impacts of human activities and global
change on coastal ecosystems. Jiaozhou Bay marine ecosystem research station
has accumulated a wealth of data and information based on comprehensive
observations. The data generated by the station have had a large impact on studies
of the dynamics of coastal ecosystems, biological resources and sustainable
development of the ecological environment.

“Atlas of Long-Term Changes in the Jiaozhou Bay Ecosystem™ is a
comprehensive display of the status and long term patterns of the Jiaozhou Bay
ecosystem based on long-term comprehensive observations over the past decade.
This atlas is the first book to reflect the long-term changes in various elements in
the Jiaozhou Bay ecosystem directly and systematically. The publication of this
book will provide an important scientific and decision-making basis for long term
research of coastal ecosystems and ecosystem-based management and protection.
The atlas will also provide a good foundation for further understanding of the
changes in the marine ecosystem and its internal mechanism.

Yo Ll

April 2011, Beijing
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>> FOREWORD

The ocean plays an increasingly important role in economic and social
development. Developing marine resources, expanding living space, and developing
the marine economy is not only an important strategy in China, but is also the core
of the construction of the blue economic zone.

Development of the marine economy results in large numbers of people
gathering in coastal areas. The marine ecosystem, especially the coastal ecosystem,
has been heavily influenced by an abundance of human activities, including
industrialization, urbanization, development of the coastline, discharge of industrial
effluent, domestic sewage and land-source pollution, harbor construction, bridge
construction, reclamation, and aquaculture. Accordingly, determining methods to
achieve coordinated, sustainable development is difficult.

Maintenance of ecosystem health, sustainable use of marine living resources,
and sustainable development of the marine environment is the only way to realize
a marine economic strategy. To achieve this goal, it is important to understand
the evolution of the marine ecosystem, e.g., what changes have taken place, what
happens now, and more importantly, what will happen in the future. To understand
the long-term changes in the marine ecosystem, it is necessary to obtain relevant
information; therefore, long-term ocean observations are essential. Because
ocean observation is very expensive, it is important to share existing data and
information. It is our common wish to share these data and information so that all
marine scientists, students and the relevant community have easy access to this
information.

Bay ecosystems are closely related to human activities. For example, Jiaozhou
Bay is known as the mother bay of Qingdao. This bay combines ports, industry,
agriculture, aquaculture and coastal tourism, acting as a typical bay in an eastern
developed area. The Jiaozhou Bay ecosystem is not only influenced by natural
climate change, but also by human activities. The bay is an ideal place to investigate
the evolution of a marine ecosystem impacted by both human activities and natural
changes. Accordingly, the Jiaozhou Bay ecosystem is also one of the most-studied
bay ecosystems.

Jiaozhou Bay Marine Ecosystem Research Station, which was founded in
1981, was formerly known as the Huangdao testing ground for marine aquaculture.
The name was changed to Huangdao Maricultural Experiment Station in 1986.
After the Chinese Ecosystem Research Network (CERN) was established, the
station became one of the 29 basic stations for field observations and was renamed

-
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the Jiaozhou Bay Marine Ecosystem Research Station. This facility is the only comprehensive
ecosystem research station in temperate waters, and it integrates monitoring, research and
demonstration. The facility was approved by the Ministry of Science and Technology as a national
observation station in 2005, at which time it was officially named the National Research Station of
Jiaozhou Bay Marine Ecosystem, Shandong. Jiaozhou Bay station is the only long-term research
station in the Chinese Ecosystem Research Network (CERN) that is located in temperate waters,
and is also a component of the marine base construction of the Chinese Academy of Sciences.

When the station was first established, the research and demonstrations mainly focused on
industrialized breeding and developing methods of high yield aquaculture of fish, shrimp and
shellfish. A series of major projects have been completed at the station, including the Jiaozhou Bay
marine environment and resources investigation and testing of the reproduction and release of fish
and shrimp seed. The three waves of marine aquaculture in China (seaweed, shrimp and scallop
culture) began in Jiaozhou Bay. Owing to the increasing environmental problems in the bay, the
members of the Jiaozhou Bay station started a comprehensive survey and long term monitoring
of the ecosystem structure and function during the 1990s. In the 21st century, the members of
Jiaozhou Bay station fully considered the dynamic changes in the ecosystem by combining
the multiple influences of global change and human activities to study approaches and key
technologies designed to enable the harmonious development of humans and nature. Jiaozhou Bay
station has more than 20 years of long term data series, comprehensive observation data, over 100
years of meteorological data, and 50 years of long-term study data and biological samples. Since
2003, the observation frequency has increased to once a month on the 14 long-term observation
stations covering the major ecological regions of Jiaozhou Bay.

The atlas was generated based on the dataset of the long-term changes in the Jiaozhou Bay
ecosystem. It reflects the long term changes in the major elements of the ecosystem in an intuitive
manner. All data were obtained in situ by staff from the Jiaozhou Bay Station and the Institute of
Oceanology, Chinese Academy of Sciences. We hope that this atlas provides fundamental data
and a decision-making basis for research into long term changes in the Jiaozhou Bay ecosystem,
marine ecosystem health assessment, marine environment protection, and sustainable development
of the marine economy.

The atlas was funded by a series of research grants, including those from the Chinese
Ecosystem Research Network, the Knowledge Innovation Program of the Chinese Academy
of Sciences (KZCX2-YW-Q07-01, KZCX3-SW-214), the Infrastructure Project of Ecosystem
Network Observation and the data-sharing system of the Ministry of Science and Technology, 973
projects (2011CB403601, 2006CB400606), and the National Natural Science Foundation of China
(40631008, 40876083). We appreciate the financial support provided by the Chinese Academy
of Sciences, Ministry of Science and Technology, National Natural Science Foundation of China,
Qingdao Municipal Science and Technology Commission, and Institute of Oceanology of the
Chinese Academy of Sciences. Additionally, we thank all of the scientists and the technical staff
involved in the Jiaozhou Bay ecosystem observations, especially the crew of the “Kejiao 2” and
the “Innovation™ research vessels for their support during the long-term observation of Jiaozhou
Bay. We also appreciate the tireless efforts of the staff of the Jiaozhou Bay station as well as our
colleagues at the Institute of Oceanology, Chinese Academy of Sciences for their participation in

Jiaozhou Bay ecosystem research and observations.

February 2011, Qingdao
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>> Technical Specification

The atlas was produced based on the long term observation data of the
Jiaozhou Bay ecosystem. The observed parameters included physical, chemical,
biological, and geological elements. The monitoring data for the surface layer,
obtained quarterly in the middle of February, May, August and November between
1997 and 2009, were used for the interpolation mapping in the atlas.

The research vessels, Kejiao 2 and Innovation, were used for the long term
observations in Jiaozhou Bay. More than 50 parameters were monitored at 14 stations.
The zooplankton and phytoplankton were sampled by vertical hauling of the plankton
net from the bottom to the surface. Three types of plankton nets (PTN-SW1, SW2,
SW3) with mesh sizes of 500, 170 and 77 pm, respectively, were used. The samples
were preserved with formaldehyde at a final concentration of 5%. The benthos were
sampled twice at each
station using a 0.1m’
Ocean 50 dredge, and
the samples were washed
through a filter sieve
with a mesh size of
0.5mm, after which they
were preserved with 75%
alcohol. The physical : : , ‘
parameters, including the  sswo~ & 75 g 36100°N
seawater temperature,
salinity, water color
and Secchi depth, were
measured in situ. Other
marine chemical and
biological parameters
were determined in the
laboratory according to
the national standards, ®  Railway station ===== Rai lways
the Specification for o iResidential Giea
Marine Monitoring and |4 Mountain
the Specifications for = 120°100°E 200CE 120300
Oceanographic Survey.

120°10'0"E 120°20'0"E 120°30'0"E
" aligezhuan; qe
- igezhuang

e
¢

36°20'0"N > S 5 % 4 < 36°200"N

36°0'0"N

*  Sampling station Highway

River

Sampling stations in Jiaozhou Bay
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Analysis methods for parameters measured in the survey of Jiaozhou Bay

Parameters Method National standard of The Peoples Republic of China

Sediment water content

Total phosphorus in sediment

Total nitrogen in sediment
Sand content in sediment
Silt content in sediment
Clay content in sediment
Dissolved oxygen

pH

Silicate

Phosphate

Nitrite

Nitrate

Ammonium

Dissolved organic carbon
Chemical oxygen demand
Total phosphorus

Total nitrogen
Temperature

Salinity

Suspended matter
concentration

Secchi disk depth
Chlorophyll a

Intestinal flora

Bacterial abundance

Cell density of phytoplankton
Abundance of zooplankton
Biomass of zooplankton
Density of benthos

Biomass of benthos

Gravimetric method

Phosphorus vanadium molybdate yellow

colorimetric method

Elemental analyzer method

Cilas 940L laser particle size analyzer
Cilas 940L laser particle size analyzer
Cilas 940L laser particle size analyzer
lodometric method

pH meter

Silico-molybdenum blue method
Phosphorus molybdenum blue Method
Diazo—coupling method
Cadmium—-copper column reduction
Indophenol blue

High—temperature combustion method(HTC)
Basic potassium permanganate
Alkaline potassium persulfate oxidation
Alkaline potassium persulfate oxidation
CTD

CTD

Gravimetric method

Visual method

Fluorescence spectrophotometry
Fermentation

Fluorescence microscope
Microscopic counting method
Microscopic counting method
Gravimetric method

Count method

Gravimetric method

The specification for marine monitoring GB 17378.5-1998
The specification for oceanographic survey (GB/T 13909 - 1992)

The specification for oceanographic survey (GB/T 12763.8-2007)
The specification for oceanographic survey (GB/T 13909-1992)
The specification for oceanographic survey (GB/T 13909-1992)
The specification for oceanographic survey (GB/T 13909-1992)
The specification for marine monitoring GB 17378.4-1998

The specification for marine monitoring GB 17378.4-1998

The specification for marine monitoring GB 17378.4-1998

The specification for marine monitoring GB 17378.4-1998

The specification for oceanographic survey (GB/T 12763.4-1991)
The specification for marine monitoring GB 17378.4-1998

The specification for marine monitoring GB 17378.4-1998

GB 13191-1991

The specification for marine monitoring GB 17378.4-1998

GB 11893-1989

GB 11894-1989

The specification for oceanographic survey (GB/T 12763.2-1991)

The specification for oceanographic survey (GB/T 12763.2-1991)
The specification for marine monitoring GB 17378.4-1998

The specification for marine monitoring GB 17378.4-1998
The specification for marine monitoring GB 17378.7-1998
The specification for marine monitoring GB 17378.7-1998
The specification for marine monitoring GB 17378.7-1998
The specification for marin; mo;litoring GB 17378.7-1998
The specification for marine monitoring GB 17378.7-1998
The specification for marine monitoring GB 17378.7-1998
The specification for marine monitoring GB 17378.7-1998

The specification for marine monitoring GB 17378.7-1998
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