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This course is about the fish farming method, the key technology of fish culture through the
whole world mainly through the way of discussion. We will talk about the key technology of
recirculating aquaculture system, the risk and challenge in high density intensive culture
conditions, and water treatment technology in the RAS which is the core of the circulating water
aquaculture system. In this course we also talk about how to build a highly efficient RAS factory
and how to run them, how to manage the equipments to keep them work efficient. Through
literature, Students break into diffident groups to discuss the important knowledge points and to
get the real experience in practice then achieve the professional knowledge of the specific topics
around the training, and the learning ability.
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Jacob Bregnballe, A Guide to Recirculation Aquaculture, Published by the Food and
Agriculture Organization of the United Nations (FAO), 2015.

The state of world fisheries and aquaculture, Published by the Food and Agriculture
Organization of the United Nations (FAO), 2018.
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As a required course for undergraduate students of College of Fisheries and Life Science, the
course aims to cultivate students can use correct statistical methods to carry out experiments and
analysis, to interpret the calculation results reasonablely and infer conclusions correctly, in the
face of various problems in the life sciences. Through a large number of examples, the course
mainly introduces principles, methods and applications of descriptive statistics and inferential
statistics, and common statistical software and its applications in biological statistics, focusing on
methods and applications. Students can master methods of collecting and sorting test datum,
statistical inference, parametric hypothesis test and non parametric hypothesis test, preliminary
master analysis of variance, experimental design principle, and applications of common statistical
software in biostatistics. Teaching purpose is to cultivate students’ practical and realistic scientific
attitude for working, the ability to seek the life law and experimental design by using the
biological statistics method, enhance further scientific literacy of students.
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Introduction of Ecology is a science to study the relationships between organisms and
between organism and environment. Under the background of increasing environment
deterioration and decreasing biodiversity, on which existence and development of human being
depends, Introduction of Ecology can provide theoretical basis for and solutions to these subjects.
This curriculum mainly lecture the basic concepts, theories and principles of ecology, and covers
four scales of individual ecology, population ecology, community ecology and ecosystem ecology.
The final goals of this curriculum are to make students to master the fundamental knowledge of
ecology, and to train their ability of resolving ecological problem independently and of exploring
species evolution, and maintaining ecological security, and protecting genetic diversity using
modern biotechnology. They will also be expected to live up to the idea of “Two Mountain Theory”

and tightly foster the concept of ecological civilization. This course is open for the students of
biotechnology specialty.
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Ecology is about the relationship between organism and its environment. It is a guiding
science that can coordinate the relationships between human being and nature, and the main
theoretical foundation leading sustainable development and establishing ecological civilization of
China. The distribution of chapters and sections of the course is distinct, introducing the
interaction of the organisms with their environment at every organization level from easy to
difficult. The ecological theories and cases will be lectured and analyzed. We hope that students
can master the knowledge framework and fundamental principles of Ecology, and apply the
ecological thoughts and methods to increasing their ability to guide aquaculture practice,
management and utilization of freshwater and marine resources, conservation and restoration of
aquatic biodiversity. They will also be been expected to live up to the idea of “clear waters and

green mountains are as good as mountains of gold and silver” and tightly foster the concept of
ecological civilization. This course is open for the students of aquaculture specialty.
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The biological characteristics of agquarium animals and plants are introduced. Moreover,
aquarium system construction, ornamental fish rearing and breeding, fish disease prevention
and control, live transportation, exhibition/show and life support system are concluded. The
aim is to give basic theories and more operation to undergraduates, further for better
learning of relevant lessons later
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The aims of the current course are to study how to design and build an aquatic
micro-ecosystem, and how to maintain its normal operation. Within this course, the students
will learn each link of aquatic system and understand its basic knowledge. Through the
experiment, the students will be able to design and build various kinds of aquatic system and
to maintain the normal function of the system.

2. REHWR
2. 1 P R AR B AR KR TR ) A
2. 2 AR FEAR BB KR ARAH QA B 2 R
2. 3 AR EAR KRR RS NYES 777
2. 4 AR B AR KR LR T

2.5 FEFRA AR A LAAT I B M SE ST, T B2 A 4 5 A UREE AP KRR L 5 22 P
FEEM T I AL AT 5%, BEMI ST HA & SR RATHO RS 1

= HEAR
Bid gLk
. . . X RAE F AR ) SCHE R
BEAE Sl #IE 2.1 1 2.2 | 2.3 | 2.4 | 2.5
E—& DR
FENE: WEKIRARG N, HEAR W EOKIR R G 73
MEKE ARG E M H I, MWK 2 K, TIEMBOKIRASMN | v v
ARG, WE KRR ETT Wi BB H I R R TS
[ o [l
BB URKERRGEHBE 5 EOR
FENE: WEKIR ARG, 5 FERRBRAGHIEAL | J J J J
MEARR RGBT, KRR B HERC &, 1
Gt (EA RS R KR e il AR 44 )

30




T
_— o Mgg;"‘z:
moE WS RN RS EABR: s
EEAE KRR RGIMA || ;Egﬂgﬁigiﬁ Sy |
e KRS RO A, i e
e R
T P = ﬁ}jg*:
- F‘ A5 > {v ID‘/\(‘ 2y
' N s 5 SEETRYES, TR | Y N N
TR WK A RGIT , R
W, WA RS iﬁg%mﬁ@@ﬁ%
BEAEEE I
W E—WER
ST 4K o ST LI ER ALK
S A D Rl Z B T 3
Lo % KD R AT > it & 3
Lo MK RN 2 it B 3
=N BEHE

ARFER FHER AR R SRR VR IR SR AR 45 & 1 B

RFFER AR AR E B U 8d (B EEM . #Es%5 0. /D« H4#%
MoOEE) B BRI S B0RGHE, &8 EEN RSN S BT
ZITF DARehfi it (EERA E-MAIL. BfE . ARBEZ e, T SRR,
M. #5077 A A

URAE AL BERABFA 274 3 0 A URFR IR 2 2] SR AT S i iy A6 R A5 4R , RROCER B 1)
WM SRIG LS T VI B, AR I Rl S e AR Bt o R i o o 4 T URAE S

VP E="F I ST 50%+HE il 50%, HrbPE gt EH) 10%. 1Fk 20%. SEE 20%
o

T, REEBEERM

. IR B bR B
B WREEBEM X B HEET
2.1 2223|241 2.5
1 | AR RGHREN B Pz J J J J
2 | IRARIE R B Y% J J J J J
3| [RAEFEE BN E e iz J J J J J
4 | BB R RE B Pz J J J J
75 SEFEMAREFE
SEEM

W Eh R (SRS, BleERRAE, 1992,
FMAESY (FET), FHEMAL R, 2007,
st Gkl REERZEH R, 2002,
B35 H :

w N oE

31



1 MR Gegah, g% R, 2003,
2. k717 (EHGE), iR, 2006.
3. YAk sE GRIRIND i H RS R, 2006.

. ARESHERENKRASS T

ARFEENS 3 R LA LA B i, NAESES) TOKAAEY 7 ke, WS MIRES . K

WEELURSES], SR AT TS B T B A
J\N BB

32

EEHN: FREE
HZN: XIRE kR
Hrbi K oA
H#H: 2018-12-25



(HRBFREED

WREAR (PSg/EEse): AR5 (Culture and Enhancement of Fishes)
2S5 . 1808068

oy 2

S MR 32

SENSE . EBZEERE . 32 SRuGERt . 0 BN O BHEsER: O
WA TT A S

- REfN
1 BREEMEL (R 580

BRI IR 2 K IR T A BHE T B A% R, K IR T AR E &
WHE LERRE, K FRHE AR AN ER 2 h, BERFREAET VRN &
URAEPHR T2 ZE IR S A A ) A R RN A 2R TR A /KA B KA B 1, R BTN TR A (S A
Mg, JFBL, JPRAEA R, BB SIS R, A A B A S SR N IR T )
AFAR R TPEMIEASRE, HAR MR BT R FEAT 1%, N F B FRTEAT T sk
MBI IEA . 45 A RIRRE S A RUR R S B N LA A E B, BgRs B E0a
WFL ERER SUEAERARAME, BB 3 0w

This course is “Culture and Enhancement of Fishes”, a professional core course for
undergraduates majoring in aquaculture. It is a compulsory course for professional education for
undergraduates majoring in aquaculture. It plays a role in cultivating students' professional quality
in the four years of undergraduate education in aquaculture. This course teaches the biological
characteristics of the main cultured fish and the water environment characteristics of various
cultured water bodies, the basic theories, principles, methods and basic skills of fish artificial
propagation and farming. Through theoretical study and practical teaching, students can
understand fish artificial propagation and farming. Students must know well the basic theoretical
principles, methods and basic skills of artificial propagation and farming, and build a solid
theoretical foundation for fish farming.
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Biomicroscopy is an important course for undergraduates majoring in biology.
Biomicroscopy is one of the necessary experimental methods for life science research. Almost all
life science research involves the application of biomicroscopy. The research results of many
disciplines in life science need to be explained by image data. All research results need to submit
image data at the same time. Its emergence and development not only affects, but also directly
promotes the development of various disciplines of biology. In recent years, due to the
development of biomicroscopy technology, especially the application of new theories and
techniques in the microscope, the functional development of the microscope has entered a new
stage. The main purpose of biomicroscopy is to enable students to master the basic knowledge of
microscopic production and microphotography of plant and animal materials, basic theories and
basic skills, and lay a solid foundation for future scientific research.
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This course is designed to give students an understanding of the ways in which water
chemistry and organisms interact and ultimately impact successful operation of aquaculture
systems. Emphasis will be placed on principles of water chemistry, microbial conversions of
nutrients, monitoring and operational controls of water quality. By the end of this course, students
will be able to understand the mechanism of water change decided by aquaculture activity and
know how to control aquaculture water quality.
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As a core curriculum for undergraduate students of College of Fisheries and Life Science,
and a compulsory course for professional education for undergraduates majoring in aquaculture,
the course aims to cultivate students to master the theory and method of economic shrimp and crab
aquaculture, focusing on growth characteristics and reproduction biology, basic theoretical
knowledge & technology involving seed rearing, productive culturing, and stock enhancement. It
is also important learning content the breeding and farming technology and process of the main
species of cultivated crustacean (Litopenaeus vannamei, Fenneropenaeus chinensis, Eriocheir
sinensis etc.) in China. The major purpose is students can be proficient in the basic theory and
basic skills of marine and freshwater economic crustacean aquaculture for laying a foundation in
the future.
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This course is “Culture and Enhancement of Fishes”, a professional core course for
undergraduates majoring in aquaculture. It is a compulsory course for professional education for
undergraduates majoring in aquaculture. It plays a role in cultivating students' professional quality
in the four years of undergraduate education in aquaculture. This course teaches the biological
characteristics of the main cultured fish and the water environment characteristics of various
cultured water bodies, the basic theories, principles, methods and basic skills of fish artificial
propagation and farming. Through theoretical study and practical teaching, students can
understand fish artificial propagation and farming. Students must know well the basic theoretical
principles, methods and basic skills of artificial propagation and farming, and build a solid
theoretical foundation for fish farming.
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This course is “Culture and Enhancement of Fishes”, a professional core course for
undergraduates majoring in aquaculture. It is a compulsory course for professional education for
undergraduates majoring in aquaculture. It plays a role in cultivating students' professional quality
in the four years of undergraduate education in aquaculture. This course teaches the biological
characteristics of the main cultured fish and the water environment characteristics of various
cultured water bodies, the basic theories, principles, methods and basic skills of fish artificial
propagation and farming. Through theoretical study and practical teaching, students can
understand fish artificial propagation and farming. Students must know well the basic theoretical
principles, methods and basic skills of artificial propagation and farming, and build a solid
theoretical foundation for fish farming.
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This course covers the current status, challenge and trends of global aquaculture, with focus
on the biology, seed production, diseases control and life cycle of the most important species with
commercial importance all over the world which include carps, tilapia, channal catfish, shrimp and
prawns. In addition, sustainable and responsible aquaculture models are also introduced. Through

learning this course, students may broaden their knowledge scope through learning professional
English, and improve the capability of reading professional literatures.
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Aquaculture, also known as aquafarming, is the farming of aquatic organisms such as fish,
crustaceans, molluscs and aquatic plants. Aquaculture involves cultivating freshwater and
saltwater populations under controlled conditions. Success in aquaculture demands scientific
knowledge of a wide range of economic, biological and environmental factors. This course offer a
thorough training opportunity in key aspects of the industry and cooking culture. The course offers
students the flexibility to study aquaculture as a concentration forming part of marine Science.
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Introduction to Aquaculture and Fishery Sciences is a preparatory course for the first
year undergraduate students majoring in aquaculture. The main purposes of this course are
to inspire their interests or enthusiasm toward aquaculture and fishery science, to broaden
their horizons on the conservation and exploitation of various aquatic organisms and to let
them think in a multidisciplinary way so as to be able to learn more actively during the four
year study. The main contents include the brief introduction on the fishery and aquaculture
status of the world and of China, the technology of aquaculture and its developing trends,
the breeding technology, the aqua-feed, the veterinary science on fish and aquatic animals,
aquacultural engineering, and the conservation and sustainable development of aquatic
resources etc. Through the learning of this course, it will lay down a solid foundation for
them for further study on this major.
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The aquaculture industry is projected to continue growing at a rate higher than most other
industries for the foreseeable future. Many factors have made this growth possible. One is
developments within the field of aquaculture engineering, for example improvements in
technology that allow reduced consumption of fresh water and development of re-use systems.
Another is the development of offshore cages: sites that until a few years ago not were viable for
aquaculture purposes can be used today with good results. The aim with this course is to give a
general overview of the technology used in the aquaculture industry. Individual chapters focused
on water transfer, water treatment, production units and additional equipment used on aquaculture
plants. Chapters where equipment is set into systems, such as land-based fish farms and cage
farms, are also included. The primary aim of aquaculture engineering is to utilize technical
engineering knowledge and principles in aquaculture and biological production systems.
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Jacob Bregnballe, A Guide to Recirculation Aquaculture, Published by the Food and
Agriculture Organization of the United Nations (FAO), 2015.

The state of world fisheries and aquaculture, Published by the Food and Agriculture
Organization of the United Nations (FAO), 2018.
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Agquaculture and Fisheries Ecology is an interdisciplinary course which involves
Fish Physiology, Aquaculture and Fisheries and Ecology. This course aims to study
Development and Sex Differentiation of Fish, Endocrine System, Environmental
Influences and Sex Control, and interactions between fish and the environment,
structure and function of aquatic ecosystems, and aquatic environment management.
After accomplishment of the course, students should understand the general
definitions and mechanisms of marine fish reproduction, and master the basic
techniques of artificial production in marine fish species.
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. HEAR
Part 1 Aquaculture in a global view
Chapter 1 Aquaculture: global status and trends

1.1 Introduction
1.2 Current status of global aquaculture
1.3 Trends & challenge in aquaculture development
Outclass reading: Article :Aquaculture: global status and trends
Chapter 2 Aquaculture in China
2.1 China at a glance
2.2 Aquaculture in fresh water sector
2.3 Aquaculture in marine & brackish water sector
2.4 Aguaculture modes
Outclass reading: Article :Aquaculture: global status and trends

Part 2 Fish Reproduction Physiology

Chapter 3 Development and Sex Differentiation of Fish
3.1 Reproduction of Fishes

3.2 Hormones and Reproductive Behavior in Fishes

3.3 Sex Differentiation

3.4 Development of Eggs and Larvae

Outclass reading: Reference articles
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Chapter 4 The Endocrine System
4.1 The Endocrine Glands in Teleost Reproduction
4.2 The Hormone Regulation in Teleost Reproduction
4.3 Brain Hormones, Pituitary Hormones and Other Hormones
4.4 Hormone Regulation
4.5 The Functional Morphology of Teleost Gonads
4.6 The Gonadal Steroids
Outclass reading: Reference articles
Chapter 5 Sex Control in Fish
5.1 Environmental Influences on Gonadal Activity in Fish
5.2 Hormonal Control of Oocyte Final Maturation and Ovulation in Fishes
5.3 Sex Control and Sex Reversal in Fish
Outclass reading: Reference articles
Part 3 Fish Culture
Charpter 6 Overview of aquaculture system
6.1 Development of ponds intensity
6.2 Daily oxygen variations
Outclass reading: Biofloc textbook
Charpter 7 Microbial process and communities relevant to aquaculture
7.1 Heterotrophic bacteria
7.2 Comparison of Algae and Bacteria Controlled Systems
7.3 Nitrification sequence in BFT pond
Outclass reading: Biofloc textbook
Charpter 8 The nitrogen syndrome
8.1 The component of nitrogenous wastes
8.2 Mechanisms for removal of nitrogenous wastes

8.3 Nitrogen immobilization
8.4 Nitrogen assimilation, uptake

Outclass reading: Biofloc textbook

Charpter 9 Biofloc technology

9.1 Microbial conversion

9.2 Manipulating bacteria

9.3 Scheme of Biofloc Technology pond
9.4 Residence time of biofloc material

9.5 Sampling method

9.6 Protein recycling; single cells proteins
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Outclass reading: Biofloc textbook
Charpter 10 Biofloc technology
10.1 Field/pond evaluation

10.2 Residence time of bioflocs
10.3 Data on feed protein utilization
10.4 A few basic facts

Outclass reading: Biofloc textbook

Charpter 11 Aeration, aerators and aerator deployment
11.1 Breaking Oxygen Stratification

11.2 Aeration& sludge

11.3 Sludge

11.4 Farm management

Outclass reading: Biofloc textbook

Charpter 12 Development of biofloc system
12.1 Bioflocs evaluation

12.2 Responses to monitoring

12.3 Pond construction

12.4 Bio-security

Outclass reading: Biofloc textbook

Charpter 13 Some developments on the way

13.1 Constraints

13.2 Presentations and discusions on the key learning points
Charpter 14 Integrated multi-trophic aquaculture

14.1 Theory

14.2 Applications

Outclass reading: Biofloc textbook

Part 4: Aquaculture Ecology
Part I11: Aquaculture in the Ecosystem

Chapter 14 Fundamentals of Ecology

1.1 Autecology

1.1.1 Autecology and individuals

1.1.2 Basic concepts of environment

1.1.3 Basic principle of interactions between organisms and their environment
1.1.4 Interrelationship of organisms and their main ecological factors
1.2 Population Ecology

1.2.1 Populations and population ecology

1.2.2 Population statistics

1.2.3 Population growth

1.2.4 Population regulation

1.3 Community Ecology

1.3.1 Community and community ecology
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1.3.2 Community structure

1.4 Ecosystem Ecology

1.4.1 Basic concepts and character of ecosystem

1.4.2 Matter production and energy flow of ecosystem
1.4.3 Matter cycling of ecosystem

1.4.4 Stability and development of ecosystem

Chapter 2 Fish Farm Wastes in the Ecosystem

2.1 Aquacultural pressures and potential impacts on ecosystems
2.2 DPSIR and EQS

2.3 Ecohydrodynamics and sensitivity to pressures

2.4 Scales

2.5 Sustainability and the ecosystem approach to aquaculture

Chapter 3 Monitoring of Environmental Impacts of Marine Aquaculture
3.1 Regulation and Monitoring of Marine Aquaculture
3.2 Monitoring Environmental Impact from Norwegian Aquaculture

Chapter 4 Aquaculture and Coastal Space Management in Europe: An
Ecological Perspective

4.1 Interactions of Aquaculture with Other Users of the Coastal Zone

4.2 Competition for Physical Space Between Aquaculture, Shipping, Tourism and
Recreation

4.3 Nutrient Loading in Coastal Areas Interactions Between Aquaculture and Other
Activities

4.4 Interactions of Wild Fish, Aquaculture and Fishing

4.5 Competition Between Aquaculture and Biodiversity Protection

4.6 GIS and Methodology for Integrated Coastal Zone Management

Chapter 5 Non-Native Aquaculture Species Releases: Implications for Aquatic
Ecosystems

5.1 Intentional Introduction of Non-Native Species for Aquaculture

5.2 Ecological Consequences of Intentional and Unintentional Introduction of
Non-Native Species

5.3 Future Directions

Chapter 6 NGO Approaches to Minimizing the Impacts of Aquaculture
6.1 NGO

6.2 Key Concerns of NGOs Related to Aquaculture

6.3 NGO Approaches to Aquaculture

6.4 Trends, Obstacles and Uncertainties for NGO Activities

Chapter 7 Future Trends in Aquaculture: Productivity Growth and Increased

Production
7.1 Production of Aquaculture
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7.2 Productivity Growth and Lower Production Costs
7.3 Lessons for the Future Development of the Aquaculture Sector

Chapter 8 Status and Future Perspectives of Marine Aquaculture
8.1 Current Trends of Development

8.2 Main Driving Factors of Future Development of Mariculture

8.3 Future Perspectives on Mariculture

8.4 Technological State and Development of Mariculture

Part 5. Practical & Field training & presentation (this section is flexible and may
be not available)

Introduction

Field training 1 Marine fish breeding facilities

Field training 2 Marine fish recirculating culture system

Field training 3 Coastal fish sampling

Field training 4 Presentations

Part 6 Final exam.
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Introduction to Aquaculture; Developmental Biology; Biofloc Technology(3™ edition)
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2. {Aquaculture Research)
3. (Reviews in Aquaculture)
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The course aims to develop the interest of the non-professional undergraduates in
ornamental fish. Basic principles of fish rearing and reproduction technology will be
presented with enough photos and videos. The students are required to know how to
maintain fish health in tanks by feeding, water exchange, temperature control, and disease
prevention. Furthermore, they can combine the aquatic animals and plants to set up an
ecological aqualife world.
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The aims of the current course are to study how to design and build an aquatic
micro-ecosystem, and how to maintain its normal operation. Within this course, the students
will learn each link of aquatic system and understand its basic knowledge. Through the
experiment, the students will be able to design and build various kinds of aquatic system and
to maintain the normal function of the system.
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"Recreational Fisheries" is an application-oriented course for the technics and principles of
recreational fisheries, it is an important part of aquarium theoretical and technical system. This
course mainly introduces the history, present situation and prospect of the development of the
recreational fisheries industry in China; China's abundant recreational fisheries resources; a wide

variety of fishing tackle; skilled sport fishing methods; flourishing fishing sports. The main
purpose is to master the basic theory and basic skills recreational fisheries.
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"Recreational Fisheries" is an application-oriented course for the technics and principles of
recreational fisheries, it is an important part of aquarium theoretical and technical system. This
course mainly introduces the history, present situation and prospect of the development of the
recreational fisheries industry in China; China's abundant recreational fisheries resources; a wide

variety of fishing tackle; skilled sport fishing methods; flourishing fishing sports. The main
purpose is to master the basic theory and basic skills recreational fisheries.
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Aquarium is constructed aquatic ecosystem rearing and showing aquatic life for scientific
education, scientific research, nature conservation and entertainment. Creative idea, planning and
design are key steps in constructed new aquarium, scientificalness, rationality and economical
efficiency in planning and design be directly relationship with operation and management of
aquarium. This course instruct physiological ecology of ornament aquatic life, key showing means
and facility in aquarium, water environment control technology in aquarium, planning and design
new constructed aquarium, case analysis about key aquarium at home and abroad, et al. Students
will hold basic kill about planning and design of aquarium.
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This course will integrate social science and natural science, combine the latest
international scientific development with China's realistic environment and resource issues,
share some basic issues related to the environment, and promote the concept and practice
of sustainable development with students. The relationship between environmental
protection and sustainable development focuses on the relationship between environment
and human beings, environmental ethics, strategic choices for sustainable development,
circular economy and cleaner production.

This course is a comprehensive elective course for non-environmental discipline
students. It fosters environmental values and sustainable development concepts for students
of different majors and guides students to think deeply and scientifically on environmental
and sustainable development issues.
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The course is an elective course, which designed to enable students to understand the current
environmental problems, and understanding the relationship between human and environmental
development, laying a good foundation for subsequent professional skills courses offered for
students. This course aims to help students understand the basic theories and methods of
knowledge for environmental protection, to master the basic theory content and technical methods
of environmental management and related regulations. To achieve the above teaching purposes,
the main contents of the course are: Introduction to ecology, water environment protection,
prevention of air pollution and soil pollution and control, handling and application, noise pollution,
solid waste, sustainable development strategic choice, global and China environmental issues and
so on. Through theoretical teaching and training teaching in this course, students will have a
theoretical basis, but also have practical skills, and finally establish environmental protection
talent aspirations.
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Aguatic Ecological Engineering aims to develop the harmonious development of nature and
human society. The course comprehensively and systematically expound will the basic principles
of ecological engineering, basic methods of ecological engineering. Meanwhile, this course will
introduce the theories and the related technical support systems of aquaculture, ecological
restoration of water environment, water, wetland ecological construction, water landscape
construction, ecological engineering, and the latest theoretical concepts in the waters of the
application of ecological engineering fields. Before learning of this course, the students must have
relevant knowledge of water environmental chemistry, ecology, environmental science.
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