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Preface

Pr Christine Loh
Chief Development Strategist
Institute for Environment, The Hong Kong University of Science and Technology 

Humans know a lot more about what happens on land than in the ocean. We are land animals and most of our 
activities are on land. Yet, 71% of Planet Earth is covered in oceans. Humans are curious; our ancestors learnt 
to swim and dive, as well as build and sail boats to explore faraway places. The sea has always represented 
something beautiful and challenging.

Indeed, the salty ocean is full of fascination. There is much sea life in the ocean, just as there are plenty of 
animals and plant species on land. Sea life has been a source of food for humans living in coastal areas for 
millennia. While we know the ocean is a vast expanse of water, we don’t know much about what happens 
beneath the water. Sunlight can only reach the top layer of the water. The ocean is like another world with its 
own mighty landscape and lifeforms although it is very much a part of Planet Earth. 

Over time, humans gradually learnt about the importance of the ocean and its role in how Planet Earth 
functions. Today, we know the massive burning of fossil fuels for energy has been causing global warming 
since the beginning of the Industrial Revolution; and that a warming ocean has considerable impact on the 
weather and temperature. Great effort will be needed by the current and future generations to reverse global 
warming. Moreover, marine pollution is also a major problem, as humans have continuously used the ocean 
to dump all sorts of waste. 

In other words, everyone can benefit from learning about the ocean and the marine environment. There is a 
need to help teachers in Hong Kong to prepare lessons for students that are locally relevant. There is no better 
way to start than by using this on-line publication and materials to enable teachers to increase their ocean 
literacy generally because it is also relevant to Hong Kong. This publication is especially valuable because it 
takes teachers through the essential ocean science, as well as providing perspectives and materials that are 
helpful to students by using many local examples.

This is a great project to help teachers interest young minds with the ocean related matter. It is also beautifully 
illustrated with many drawings done specially for this project. It provides knowledge not only in a succinct and 
informative way, but it also holds our attention at the same time with its thoughtful and stimulating design. 

Thank you to everyone who has worked so hard to create this publication. 



Contents

Illustrations and Figures Index ......................................................................................................... 6 

Part A. The Global Importance of the Ocean

 The Basic Principles of Oceanography ....................................................................................... 12

 The Ocean, a Large Recycler ..................................................................................................... 18

 The Ocean’s Major Influence on Climate ..................................................................................... 23

Part B. Hong Kong and the Ocean

 Coastal Environments in Hong Kong .......................................................................................... 30

 Marine Habitats and Biodiversity in Hong Kong .......................................................................... 35

Part C. Oceans at Risk

 Illegal Fishing  ............................................................................................................................. 41

 Shipping  .................................................................................................................................... 46

 Climate Change Consequences  ................................................................................................ 54

 Plastics: Definition, History and Chemical Properties  .................................................................. 62

 The Disposable Culture and Challenges with Recycling .............................................................. 65

 Macro and Micro Plastics in the Environment  ............................................................................. 74

 Impact on Ecosystem and Human Health 
 (Food Chain, Endocrine Disruptor)  ............................................................................................. 79

Part D. Turning the Tide: We are Part of the Solution!

 Fundamental Research is Key to Future Innovation and Progress ............................................... 83 

 Ocean Pollution Prevention ........................................................................................................ 86

 Advancing Education for Sustainable Development through 
 Empowerment of Young Changemakers  .................................................................................... 91

 Citizen Action and Community Initiatives  .................................................................................... 96

 The Process of Impact Innovation .............................................................................................. 100

 The Circular Economy ................................................................................................................ 106

 Responsible Citizens: Sustainable Consumption and Lifestyles  .................................................. 109

 The Ocean Economy – a New Frontier – Also the Opportunity   
 to Build a Sustainable Blue Economy ......................................................................................... 115

 Coral Restoration: Objectives and Examples in Hong Kong ........................................................ 122

 Marine Protected Areas: Role and Function  ............................................................................... 125

Part E. Case Studies

 Changes Made by Voluntary Measures to Address Plastic Pollution ........................................... 131

 Hong Kong Marine Life Stranding and Conservation .................................................................. 136

 Hong Kong Horseshoe Crab Conservation  ................................................................................ 142

 Hong Kong Oyster Reef Restoration .......................................................................................... 146

 Big Issues of Microplastics, School Partnership Project .............................................................. 151

 Coral Communities in the Tolo Channel ...................................................................................... 152



Illustrations and Figures Index

Part A. The Global Importance of the Ocean ................................................................................. 11

The Basic Principles of Oceanography 
Illustration A1.1  – Almost Three Quarters of the Earth’s surface is Made of Water
Illustration A1.2 – The Average Ocean Floor Depth is 3,800m, almost Four Times Higher than Tai Mo Shan 
  Peak
Illustration A1.3 – Hot (Flame) and Salted (+) Water Goes Up, whereas Cold (Snow) and Unsalted Water (-)  
  Goes Down
Illustration A1.4 – The Strength and Duration of the Wind Gusts are Responsible for the Sea Surface Waves
Figure A1.1  – World Ocean Bathymetric Map
Figure A1.2  – Temperature, Salinity and Density Profile
Figure A1.3  – Temperature-Density (TS) Diagram
Figure A1.4  – Schematic of Surface and Deep Ocean Circulation
Figure A1.5a – Monthly Variation of the Lunar and Solar Tides
Figure A1.5b – Worldwide Map of the Diurnal, Semidiurnal and Mixed Tides

The Ocean, a Large Recycler   
Illustration A2.1  – Thanks to Planktonic Microorganisms, the Ocean Transforms CO2 into O2, Acting as a  
  Giant Carbon Pump
Illustration A2.2  – Each Molecule of Oxygen is Made Up of Two Oxygen Atoms that are Strongly Joined  
  Together
Illustration A2.3  – Carbon Dioxide is a Gas Consisting of One Part Carbon and Two Parts Oxygen
Illustration A2.4 – Plankton Vary in Terms of Shapes and Sizes, Some of Them are Animals, Other Plants,  
  Bacterias and More. It is an Essential Earth’s Living Micro Ecosystem
Illustration A2.5  – Photosynthetic Microorganisms Produce Almost as Much Oxygen as Tropical Forests
Figure A2.1 – Schema of the Biological Carbon Pump: How Bacteria and Micro-algae Gradually Replaced  
  Atmospheric CO2 with O2

The Ocean’s Major Influence on Climate
Illustration A3.1 –  Different Factors Affect Climate Around the World. It is the Varying Influence of the Factors 
  that Lead to Different Parts of the Earth Experiencing Different Climates
Illustration A3.2 –  The Natural Greenhouse Effect Allows the Earth to Retain Some of the Sun’s Energy, and  
  thus Enabling Life to Thrive
Illustration A3.3 –  Dark Surfaces Absorbs the Heat whereas Bright Surfaces such as Snow Reflects it. Polar  
  Regions – Ice Caps – are Essential for Earth’s Climate Balance 
Figure A3.1 – The Greenhouse Effect Process
Figure A3.2 – Thermohaline Circulation

Part B. Hong Kong and the Ocean ................................................................................................... 29

Coastal Environments in Hong Kong
Illustration B1.1 – Map of Water Bodies in Hong Kong
Illustration B1.2 –  Greater Natural Disasters such as a Typhoon 10 is a Consequence of Heat Rise
Illustration B1.3 – Sea Level is Expected to Rise on Hong Kong Shorelines by up to 0.78m by the End of the 
  Century
Figure B1.1  –  Climograph of Hong Kong Observatory between 1981 and 2010

Figure B1.2  –  Projected Changes in the Annual Temperature (°C) of Hong Kong Relative to the Average  
  of 1986-2005 Under Medium-low (stabilization by 2100) and High (business-as-usual)  
  Greenhouse Gas Concentration Scenarios
Figure B1.3  – Relative Contribution of Storm Surge and Tide Heights to Sea Level During Two Tropical  
  Cyclone Events at Tsim Bei Tsui Gauging Station

Marine Habitats and Biodiversity in Hong Kong
Illustration B2.1 – Mangroves are and Essential Ecosystems as they Transform Salted Water (1) into Mineral  
  Water (2)
Illustration B2.2 – The Mangrove is a Habitat for Multiple Endemic Species such as the Red Clawed Crab or 
  the Mini Tree Crab
Illustration B2.3 – Mudflat Areas are Home to Multiple Invertebrates and Fish that Delight Migratory Birds
Illustration B2.4 – In Hong Kong, Only Four Species of Seagrass are Known
Illustration B2.5 – Over 200 Species of Marine Macroalgae are in Hong Kong Eastern Waters
Illustration B2.6 – Hong Kong Coral is Stress Tolerant as it Can Survive a Changing Environment such as  
  Cold or Hot

Part C. Oceans at Risk ........................................................................................................................ 40

Illegal Fishing
Illustration C1c.1 – Fishing in Waters under the Jurisdiction of the State without Permission is Considered  
  Illegal
Illustration C1c.2 – 75% of the World’s Fish Stocks are Overfished
Illustration C1c.3 – IUU is a Form of Organized Crime Sustained by Corruption

Shipping
Illustration C1d.1 – Modern Society Involves Shipping Vessels Crossing Oceans but there are a lot of  
  Environmental Concerns around them
Illustration C1d.2 – Although Cruise Ships are Modern, a lot Remains to Be Done in order to Make them  
  “Ocean-Friendly”
Figure C1d.1 – Comparison of Typical CO2 Emissions Between Modes of Transport 
Figure C1d.2 – Predicted Increases in World Seaborne Trade, GDP and Population 
Figure C1d.3 – IMO Agreement to Reduce Atmospheric Pollution from Ships
Figure C1d.4 – Marpol 73/78 Has Helped Ensure a Dramatic Reduction in Oil Spilled
Figure C1d.5 – How Water is Pumped into the Bottom Ballast Tanks in Port After Discharging Cargo and  
  How it is Pumped Out Before Loading Cargo
Figure C1d.6 – Pollutants Entering the Oceans

Climate Change Consequences
Illustration C2a.1  – Sea Level Rise is a Consequence of Ice and Glaciers Melting, Home to Endangered Polar 
  Bears
Illustration C2a.2 –  A Beautiful Home of a Thousand of Species, the World Heritage Great Barrier Reef is  
  Threatened by Global Warming
Illustration C2a.3  – Corals are very Sensitive to Water Changes. A Small Variation can Cause their Death,  
  Colors Fade Away and they Become White this is Known as “Coral Bleaching”  
  Phenomenon
Figure C2a.1 – Comparison of Observed Global Surface Temperature Change (Black Line) with Model  
  Simulations. In One Simulation, only Natural Effects were Taken into Account (Pink Area).  
  In the Other, Both Natural and Anthropogenic Effects were Taken into Account (Blue Area).  
  The Observed Warming can Only be Reproduced in the Second Case Where Anthropogenic  
  Effects (ie. Greenhouse Gas Emissions) were Added in 

6 7



Figure C2a.2 –  Annual Global Mean Temperatures Expressed as a Difference from Pre-industrial Levels,  
  ie. 1850–1900
Figure C2a.3 –  Cumulative Polar Ice Sheet Mass Change Relative to 2002 
Figure C2a.4 –  Global Sea Level (1900–2020)
Figure C2a.5 – Contributions of Mountain Glaciers and Polar Ice Sheets to Sea Level Rise by 2100 in Different 
  Emissions Scenarios
Figure C2a.6 –  Storm Surge Brought by Super Typhoon Hato in August 2017 Caused Serious Flooding in  
  Low-lying Areas in Hong Kong

Plastics: Definition, History and Chemical Properties
Illustration C3a.1 – All Plastic Materials Come from Petroleum, one of our Planet Fossil Fuels
Illustration C3a.2 – Nowadays, Consumer Goods are Mainly Made out of Plastics
Figure C3a.1 – A Summary of the Most Common Type of Plastic Polymer and Its Usage
Figure C3a.2 – Resin Identification Code (RIC) Developed in 1988 

The Disposable Culture and Challenges with Recycling
Illustration C3b.1 – Unconsidered and Excessive Use of Disposable/Single-use Items, Combined with Poor/  
  Irresponsible Behavior Lead to a Devastating “Disposable” Culture
Illustration C3b.2 – To Reduce the Prevalence of Single-use Disposable Products, Replacing them by Reusable 
  Items is Part of the Solution
Figure C3b.1 – The Rising Amounts of Global Plastic Production
Figure C3b.2 – Global Flow of Plastic Packaging Waste, 2015
Figure C3b.3 – The Different Types of Disposable Plastic
Figure C3b.4 – From a Linear to a Circular Economy
Figure C3b.5 – Plastic Packaging Segments that Need Fundamental Redesign and Innovation 

Macro and Micro Plastics in the Environment
Illustration C3c.1 –  Under Physical and Chemical Stress, Plastics Become Brittle and Gradually Break Down 
  into Microplastics
Illustration C3c.2  –  Beaches along the Coast of Guangdong and Hong Kong are Identified as Hotspots for  
  Micro Plastic Pollution
Figure C3c.1  – Sources and Movement of Plastic Debris in the Environment. Monitoring the Abundance of  
  Plastic Debris in the Marine Environment
Figure C3c.2 – Abundances of Floating Microplastics in Surface Water Observed Around the World in the  
  Past 10 Years
Figure C3c.3 – Abundances of Microplastic on Beaches Observed Around the World in the Past 10 years

Impact on Ecosystem and Human Health (Food Chain, Endocrine Disruptor)
Illustration C3d.1 – Eventually, Accumulating along the Food Chain, the Micro Plastic Pollution Reaches  
  Humans and Ends Up in our Bodies
Illustration C3d.2 – Our Diet, In Hong Kong and Elsewhere, is Already Tainted with Microplastics

Part D. Turning the Tide: We are Part of the Solution! .................................................................. 82

Fundamental Research is Key to Future Innovation and Progress
Illustration D1.1 – Fundamental Research Helps to Understand Complex Mechanisms
Illustration D1.2 – Vaccines such as COVID19 are able to be Created Thanks to Years of Fundamental  
  Research
Figure D1.1 – Fundamental Research Piecing Together the Larger Puzzle

Ocean Pollution Prevention
Illustration D2a.1 – United Nations Agree Toward a Sustainable Future Linked to Oceans Preservation
Illustration D2a.2 – Passing a Bill in Hong Kong Must Go Through a Legal Process

Advancing Education for Sustainable Development through Empowerment of Young Changemakers
Illustration D2b.1 – A Circular Economy Involving Ocean Preservation must be Adopted for a Sustainable  
  Future
Illustration D2b.2  – Youth are the Ocean Torchbearers for the 2030 Agenda
Illustration D2b.3  – Learning How to Swim & Be Confident is an Essential Part of the Educational Value Chain
Illustration D2b.4  – Meeting Professional Fishermen or Fish Processors will Allow Youth to Understand our  
  Society Challenges
Illustration D2b.5  – Skilled with Critical Thinking, Students will Conduct their Own Research Aimed to Introduce  
  Sustainability into their Daily Lives

Citizen Action and Community Initiatives
Illustration D2c.1  –  Plastic Prevention and Daily Actions are the Key to a Better Future
Illustration D2c.2  –  Beach Cleanup Initiatives, aside from Picking Up Plastics Scrap, can Help to Educate  
  Beach Goers about their Impact on the Environment

The Process of Impact Innovation
Illustration D3a.1 – The Convergence of Three Main Axis of New Thinking can have a Great Impact on Future  
  Sustainable Solutions
Figure D3a.1 – Mastering a Field
Figure D3a.2 – The Plateau of Latent Potential

The Circular Economy
Illustration D3b.1 – Manufacturing Goods in a More Sustainable Way Requires a New Thinking From  
  Manufacturers
Illustration D3b.2 – V Cycle Bins Collect and Transform Plastic

Responsible Citizens: Sustainable Consumption and Lifestyles
Illustration D3c.1 – Landfills in Hong Kong are Not a Long-Term Solution to the Municipal Waste Problem
Illustration D3c.2 – With an Average of 11.4 Trips Per Person Per Year, Hong Kongers are Not Sustainable  
  Travellers
Illustration D3c.3 – Travel to Sweet Gum Woods in Hong Kong is a More Sustainable and Cheaper Trip Than  
  Going to Japan to See the Same
Illustration D3c.4 – A Small Action Like Bringing Your Own Container When You Can will Contribute to a Better  
  Future
Illustration D3c.5 – Animals should not be Used as Entertainment in Parks, Act Now

The Ocean Economy – a New Frontier – Also the Opportunity to Build a Sustainable Blue Economy 
Illustration D3d.1 – The Entire Shipping Fleet will have to Adopt an Innovative Approach to Fight Off Carbon  
  Emission
Illustration D3d.2 – 90% of the Ocean is Unknown and could be Key to a Sustainable Future, Projects such  
  as the Proteus Underwater Sea Station Aim to Go in that Direction
Illustration D3d.3 – The Blue Economy Can Play a Major Role in Sustainability and Profit
Figure D3d.1 – World Fish Capture (Largest Countries)

Coral Restoration: Objectives and Examples in Hong Kong
Illustration D4a.1 – Corals are Facing Extinction if We Do Not Act

Marine Protected Areas: Role and Function
Illustration D4b.1 – Coral Reefs act as a Wall for Waves and Storms. Without it, the USA alone would have to  
  Spend USD1.8 Billion to Sustain this Protection

8 9



Part A
The Global Importance of the Ocean

Illustration D4b.2 – Artisanal Fishing is often Practiced along Coral Reefs for Local Needs Only
Illustration D4b.3 –  We have already Lost 20% of our World’s Coral Reefs, 60% are Currently under Threat,  
  Let’s Act
Illustration D4b.4 – The Galàpagos Islands are a Marine Protected Area (MPA) due to its Endemic Species and  
  Rich Primal Wildlife

Part E. Case Studies ..........................................................................................................................130

Changes Made by Voluntary Measures to Address Plastic Pollution 
Illustration E1.1 – By Working Together, Producers, Governements and NGOs can Show a Better Path toward 
 a Positive Economical and Sustainable Future
Illustration E1.2 – Our Daily PET (Plastic) Bottles are a Major Concern for the Environment, but some Brands  
 have already Switched to Metal Cans. Choose Wisely your Drink!

Hong Kong Marine Life Stranding and Conservation
Illustration E2.1 – Although its a Dense and Busy City Life, Hong Kong is Home to Multiple Mammals
Illustration E2.2 – Animal Stranding can be Reversed with Human Help
Figure E2.1 – Procedures to Response Stranding in Hong Kong by OPCFHK

Hong Kong Horseshoe Crab Conservation
Illustration E3.1 – Although there was a 90% Population Drop between 2000 and 2009, Horseshoe Crabs are  
  Still Not Protected in Hong Kong 

Hong Kong Oyster Reef Restoration
Illustration E4.1 – Oyster Reefs Act As a Filter to Help the Ecosystem to Strive
Illustration E4.2 – A Worldwide Effort Focuses on Restoring Oyster Reefs, with an Estimated 15% Left

Coral Communities in the Tolo Channel 
Illustration E6.1 – After a Marine Ecological Disaster, there has been No Sign of Natural Recovery of Corals  
  since 1987 in Tolo Harbour
Illustration E6.2 – Restoring Corals Goes through Pushing them to Reproduce Themselves
Illustration E6.3 – By Combining Daily Lifestyle Changes and Global Effort, we can Stop and Reverse our Past  
  Mistakes

10



The Basic Principles of Oceanography

Christelle Not 
Department of Earth Sciences and Swire Institute of Marine Science, The University of Hong Kong

More than 96% of water present on Earth is in the ocean, which covers more than 70% of the Earth’s surface. 
Because water in the ocean contains salt, it behaves differently than freshwater found in lakes. The amount of 
salt in water is referred to as “salinity”. The salinity can vary from one location to another in the ocean. 

For example, because rivers release a large amount of unsalted freshwater into the ocean, the salinity of the 
ocean decreases close to river mouths, as opposed to near the Equator, where evaporation is high, therefore 
the salinity is higher. These variations in salinity – together with variations in water temperature and ocean 
depth – control the movement of the water in the ocean. Here, I will present the basics of how these three 
parameters can dictate the dynamic of the oceans. I will also discuss what are ocean waves and how they 
are generated.

Illustration A1.1 - Almost Three Quarters of Earth’s Surface is Made of Water

Ocean Depth 

Bathymetry is the measurement of depth of water. It could be described as the inverse of the altitude of a 
mountain. Water depth is not the same everywhere in the ocean. Oceans are generally shallower near the 
coast and deeper offshore. More than half of oceans are four times deeper than the highest mountain in 
Hong Kong. The average depth of the ocean is 3,800m and the deepest part is more than 11,000m. Different 
features such as mountains, plains, slopes and volcanos constitute the bottom of the ocean and affect the 
movement of water and sediment.

Figure A1.1 - World Ocean Bathymetric Map
From https://www.gebco.net/data_and_products/printable_maps/

Illustration A1.2 - The Average Ocean Floor Depth is 3,800m, almost Four Times Higher than Tai Mo Shan Peak
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Density

Together, salinity and temperature dictate the density of water, which in turn controls water movement. A 
volume of water of the same density is called a water mass since the whole mass of water will move as one 
semi-cohesive unit. When two water masses move toward each other, the denser mass will go below the 
less dense mass. This density-based layering is responsible for the movement of water in the ocean. We 
can draw what is called a Temperature-Salinity Diagram to represent the relationship between temperature, 
salinity and density (Figure A1.3). Because cold water is denser than warm water and salty water is denser 
than freshwater, the water masses at the bottom of the ocean are colder and saltier in comparison to water 
masses at the surface.

Salinity

The water in the ocean is unique as it contains a great amount of different elements in different quantities. 
Together these elements are called salts and their quantity corresponds to the salinity. The most abundant 
elements in ocean water are sodium (Na+) and chloride (Cl-) as they represent more than 85% of the salt 
present in water. Almost all the elements of the periodic table are present in the ocean, some in very small 
quantities. The quantity of a given element can change based on the location, depth and time of year. In 
general, salinity is lower at the surface and increases with depth, with a rapid increase within a few hundred 
meters. This layer of rapid salinity increase is called the halocline (Figure A1.2).

Temperature

Temperature is also a very important feature of oceanic water. The temperature of the ocean is controlled by 
the intensity of sunlight received at the surface. The surface water temperature is high at the Equator and 
low at The Poles. The surface water temperature is approximately 28˚C at the Equator and 0˚C at The Poles. 
Usually, we can also observe a similar gradient from the surface (hot) to the deep (cold) (Figure A1.2), with a 
layer of rapid temperature decrease called the thermocline.

Figure A1.2 -Temperature, Salinity and Density Profile (by Lilia Tang, HKU)

Oceanic Circulation

Most of the ocean’s circulation is based on the density of water masses. This density driven movement of 
water is called thermohaline circulation, which means that a large volume of water moves between different 
oceans following a layering of water masses based on their density. At the surface of the ocean, when a 
water mass gets cooler or saltier, its density increases making the water mass able to sink deeper. This 
creates space for a new water mass to move at the surface. This process is the driving mechanism of global 
oceanic circulation with the exception of water masses at the very surface of the ocean (above the pycnocline 
0-500m). The movement or circulation at surface level is controlled by the wind and the presence of land. 
Global wind patterns and the location of the continent are responsible for surface ocean circulation – and it is 
organized into 5 oceanic gyres. Within each gyre there are 4 different currents, which have different speeds.

Illustration A1.3 - Hot (Flame) and Salted (+) Water Goes 
Up whereas Cold (Snow) and Unsalted (-) Water Sinks 
Down

Figure A1.3 - Temperature-Density (TS) Diagram (by Lilia Tang, HKU)

Figure A1.4 - Schematic of Surface and Deep Ocean Circulation (by Lilia Tang, HKU)
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Waves

Waves are not always present at the surface of the ocean. To produce a wave, you need to have a generating 
force (could be a person jumping into the water, could be a boat that passes by a location, could be the wind, 
etc), which will transfer energy to the water. If the generating force stops, then the wave will stop. For example, 
a person jumping into the water will create a limited number of waves (probably less than five). However, if 
the wind blows for a certain period of time a large number of waves will be generated. Waves do not move 
water, waves transfer (“move”) energy. The most common waves are those generated by wind. Wave height 
is affected by wind speed, wind duration (how long the wind blows) and the fetch, which is the distance over 
which the wind blows without changing direction. Several waves, with different generating forces can be 
present at the surface of the ocean at the same time, leading to complex interactions between each other.

Tides

Tides are one particular type of wave. The generating force of a tide is the attraction force between the Moon, 
the Sun and the Earth. Because the attraction between the Moon and the Earth and between the Sun and 
the Earth is permanent, the tides or tidal waves are uninterrupted on Earth. Tides have a moon component 
which comes from the attraction between the Moon and the Earth and a sun component from the attraction 
between the Sun and the Earth. 

Due to the distance between the Moon, the Sun and the Earth and their relative mass, the moon component 
of the tide is the most important part of tides and the tide resulting from the Moon will be higher than the one 
resulting from the Sun. This results in variable tide height depending on the respective location of the Sun, 
Moon and Earth. When both the Moon and Sun are aligned with Earth, we observe a particularly high tide, 
that we call a spring tide (Figure A1.5). When the Moon and Sun are not aligned to Earth, we have a lower 
tide called a neap tide. The cyclicity of these positions is 28 days, which is the time for the Moon to go around 
the Earth. In addition to this monthly cyclicity, the rotation of the Moon on itself (called a lunar day) adds some 
variability to the tide. During a lunar day, some locations on Earth will experience one high tide and one low 
tide, which is called a diurnal tide whereas other places will experience two high tides and two low tides (semi-
diurnal tide) – other places will have a mix of one or two high and low tides per day. 

The intensity of the tide or tidal height depends on the specific location of the Moon over the Earth and 
the Earth over the Sun (the closest they are the more intense the tide is) but also the location on Earth, the 
topography of the coastline and the bathymetry resulting in a complex tidal pattern. For example, in some 
places the tidal height can be as high as 15 meters (Bay of Fundy in Canada) whereas in other places the tidal 
range is limited to a few centimeters. In Hong Kong we have a semi-diurnal tide pattern with a tidal height of 
70-80 cm approximately.

Illustration A1.4 - The Strength and Duration of the Wind Gusts are Responsible for the Sea Surface Waves

Figure A1.5a - Monthly Variation of the Lunar and Solar Tides 

Figure A1.5b - Worldwide Map of the Diurnal, Semidiurnal and Mixed Tides

16 17



The Ocean, a Large Recycler

Marilou Bourdreux, Myriam Thomas and Xavier Bougeard
TARA Ocean Foundation

A Myriad of Oxygen Producers

The ocean covers 71% of the Earth’s surface. Every litre of seawater is populated by billions of microorganisms, 
often invisible to the naked eye. Among them are microscopic algae and organisms so simple that they 
consist of only one cell. They compose phytoplankton. These tiny creatures inhabit the first meters of the 
ocean, where there is still enough light to support photosynthesis. Their distribution in the world oceans is not 
uniform. Few are present in the middle of the Pacific Ocean, whereas huge quantities can be found in Spring 
in polar regions. 

Through photosynthesis (see definition further on), they provide 45% of total primary production (ie. synthesis 
of organic matter) on our planet. These microorganisms therefore absorb substantial amounts of carbon 
dioxide (CO2) and produce large amounts of dioxygen (O2), thus playing a major role in the balances sustaining 
life on Earth.

The ocean behaves like an immense forest. Thanks to planktonic microorganisms, it converts CO2 into O2 and 
is an important carbon pump. Phytoplankton lies at the origin of life on Earth.

Illustration A2.1 - Thanks to Planktonic Microorganisms, the Ocean Transforms CO2 into O2 Acting as a Giant Carbon Pump

Primary Production – definition
In an ecosystem, a primary producer (or autotroph) is a living being capable of producing organic matter from 
mineral matter. Primary producers are plants, algae and cyanobacteria (including phytoplankton), capable of 
performing photosynthesis and producing biomass from carbon dioxide and solar light.

O2 - CO2 – definition 

O2 

Generally known as oxygen, the molecule of dioxygen (O2) is 
composed of 2 atoms of the element oxygen (O). It is a major 
component of Earth’s atmosphere (about 21%) and is the gas all 
aerobic organisms (including humans) breathe in to live.  

CO2 

The molecule of carbon dioxide is composed of one atom of carbon 
(C) and 2 atoms of oxygen (O). It is the gas all aerobic organisms 
reject when they breathe out.   

The Plankton World

In addition to phytoplankton, there are other unicellular and multicellular heterotrophic organisms, whose 
size vary from several microns to tens of millimeters inhabiting the ocean. As a whole, they are referred to as 
plankton.

What is Plankton? 

Plankton derives from the Greek adjective planktos, meaning “errant”. Plankton are the diverse assemblages 
of marine organisms drifting with currents, from tiny viruses to bacteria, archaea, algae and krill. Some are 
animals; others are plants, bacteria or protists (organisms that aren’t plants, animals or fungi).

Illustration A2.4 - Plankton Vary in Terms of Shapes and Sizes, Some of Them are Animals, Other Plants, Bacterias and More. It is an Essential Earth’s 
 Living Micro Ecosystem

Illustration A2.2 - Each Molecule of Oxygen is 
Made Up of Two Oxygen Atoms that are Strongly 
Joined Together

Illustration A2.3 - Carbon Dioxide is a Gas 
Consisting of One Part Carbon and Two Parts 
Oxygen
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Oxygen, at the Origin of Life on Earth  

3.7 billion years ago, the first bacteria capable of performing photosynthesis appeared and developed in water. 
At that time, carbon dioxide accounted for 20% of the Earth’s atmosphere, and dioxygen was present only in 
a very small amount. Around 2.5 billion years ago, cyanobacteria (phytoplankton) perfected photosynthesis 
and began producing oxygen in large amounts. These organisms gradually “pumped” the CO2 dissolved in 
seawater and produced O2, which was then released into the atmosphere through gas exchanges. Gradually, 
more complex photosynthetic organisms emerged, and this mechanism greatly amplified. As a result, the 
atmosphere became increasingly richer in oxygen, and poorer in carbon dioxide. Air is now composed of 
about 21% dioxygen and about 0.04% carbon dioxide.

Let’s take an example: diatoms are single-cell photosynthetic microorganisms. They are considered to be 
the most important organisms in the ocean because, through photosynthesis, they produce almost as much 
oxygen as tropical forests, ie. 20% of the overall net primary production.

Illustration A2.5 - Photosynthetic Microorganisms Produce Almost as Much Oxygen as Tropical Forests

Biological Carbon Sequestration 

Planktonic organisms capable of photosynthesis (phytoplankton) absorb and incorporate the CO2 dissolved 
in seawater. When they die, a portion sinks to the ocean floor where it accumulates in sediment. For millions 
of years, this “marine snow” has driven a huge amount of carbon into the ocean depths. Every day, plankton 
therefore contribute to reducing the amount of atmospheric CO2. By absorbing this greenhouse gas, it limits 
the heat produced and keeps our planet habitable.

For example, coccolithophores (unicellular algae), produce calcium carbonate plates (coccoliths) that rapidly 
sink to the seabed and mix with sediment when these microorganisms die. They thus capture a large portion 
of the carbon produced in the form of organic matter. Coccolithophores participate in carbon sequestration in 
the deep sea, thus limiting the greenhouse effect.

Like coccoliths’ sedimentation leads to the formation of chalk deposits, the oil we use today is the result of 
marine snow sedimentation that occurred millions of years ago. The biological pump has been active for 
almost 3 billion years and has enabled life to develop on Earth.

25% of the anthropogenic CO2 emissions is stored and absorbed by the ocean thanks to plankton. Like 
forests on Earth, the ocean is a great recycler. 

To be thorough, we must also note that forests during the Carboniferous (geological period between 360 Ma 
and 300 Ma), also helped store carbon and release oxygen into the atmosphere.

Figure A2.1 - Schema of the Biological Carbon Pump: How Bacteria and Micro-algae Gradually Replaced Atmospheric CO2 with O2
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Current Gas Exchanges Between the Atmosphere and the Ocean

These processes of carbon sequestration and oxygen production gradually slowed down and atmospheric 
composition stabilized over time. Plankton have kept performing photosynthesis, but the global balance 
between oxygen production and consumption, both on land and in the ocean, became zero. Marine and 
terrestrial biological environments now produce as much dioxygen as they consume through breathing. 

The ocean is estimated to produce as much oxygen as terrestrial plants. However, most of this oxygen 
remains in seawater where it is consumed by marine organisms, from bacteria to fish.

However, this Stability has Changed Since the Mid-19th Century

At the time of the Industrial Revolution, humans began using very large quantities of coal first, and then oil. 
Then, they started cutting down tropical and boreal forests, manufacturing concrete, and raising farm animals 
on a large scale. Human population grew exponentially. As a result, anthropogenic activities released more 
and more carbon dioxide into the atmosphere, thereby upsetting a very important balance. Since 1850, 
the amount of atmospheric carbon dioxide has almost doubled, with adverse consequences on climate, 
biodiversity on land and in the oceans and, of course, on humans.

Conclusion

Limiting atmospheric CO2 emissions is vital to avoid triggering major imbalances that would lead to irreversible 
climate change. It is also essential to preserve our oceans so that they can continue to: 1) produce dioxygen, 
essential to sustaining marine life, and 2) gradually absorb excess carbon dioxide.

The Ocean’s Major Influence on Climate

Marilou Bourdreux, Myriam Thomas and Xavier Bougeard
TARA Ocean Foundation

The ocean is involved in many meteorological phenomena that directly influence our lives (storms, droughts, 
rainfall, monsoon, etc.), as well as in longer-term weather patterns (high heat and humidity in some regions, 
cold in others). Ocean and climate are inseparable.

Climate influences the ocean and in turn, the ocean is a key element of the climate system.

A Simple Definition of Climate

Climate is the description of atmospheric characteristics at a given location over a long period of time (at 
least 10 years). These features are numerous: temperature, humidity, wind speed and direction, sunshine, 
cloudiness, rainfall, existence or lack of seasons, etc.

For instance, we can identify the warm desert climate, characterized by high temperatures during the day and 
much lower ones at night; very low humidity; strong sunlight, and very low cloudiness and rainfall.

A tropical climate is also characterized by high temperatures, but with little difference between day and night; 
heavy rainfall; very high humidity, and no pronounced seasons.

Elements that Influence Climate

First, climate is a mixing of astronomical elements:
• the Earth-Sun distance;
• the sun power;
• the inclination angle of the Earth’s rotational axis in relation to a perpendicular to its orbital plane (axial tilt), 

responsible for the existence of seasons.

Climate is then a consequence of the atmospheric composition. An atmosphere rich in carbon dioxide, water 
vapor or methane retains much of the Sun’s energy. This phenomenon is called the Greenhouse Effect. 
Without it, the average temperature of the Earth would be -18°C and life would be impossible.

Illustration A3.1 -  Different Factors Affect Climate Around the World. It is the Varying Influence of These Factors that Lead to Different parts of the Earth  
 Experiencing Differing Climates
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The Greenhouse Effect – definition 

The Greenhouse Effect is a natural phenomenon. The Earth’s atmosphere behaves like the glass panes of a 
greenhouse. Sun rays pass through them and warm the Earth’s surface. In turn, the surface sends part of the 
incident solar radiation back to space in the form of infrared rays (invisible to humans). A portion is retained by 
the atmosphere and thus warms it.

Figure A3.1 - The Greenhouse Effect Process

Illustration A3.2 - The Natural Greenhouse Effect Allows the Earth to Retain Some of the Sun’s Energy, and thus Enabling Life to Thrive

Moreover, the nature of the Earth’s surface (water, mountains, plains, plants, sand, ice, etc.) has a significant 
influence on climate, at a given location. Surfaces retain solar heat in quite different ways. This phenomenon 
is called Albedo (see definition below).

Becoming Aware of the Ocean’s Size

Among the surfaces met by solar rays when they enter the Earth’s atmosphere is the ocean. Occupying 71% 
of our planet’s surface, it is by far the largest homogeneous surface on Earth.

It is also the world’s largest volume of water, representing 97% of total water on Earth. By comparison, surface 
fresh water (streams, rivers and lakes) account for 0.1% of the total volume of water.

The ocean’s average depth is 4,000 meters and its greatest depth is 11,000 meters (Mariana Trench in the 
Pacific Ocean).

Given these numbers, one realizes that the ocean plays a major role in many terrestrial phenomena, particularly 
those involving water – an element without which life on Earth would not be possible.

With this baseline information in mind, let’s see how the ocean influences climate and how, in turn, it is 
influenced by climate.

The ocean stores energy...

 Since the ocean occupies 2/3 of the Earth surface, it receives most of the incident solar energy.

 This energy is largely absorbed by water in the form of heat when the sun rays enter the water. This 
 makes the ocean a huge reservoir of heat.

…and distributes it over the entire surface of the globe.

The ocean is a reservoir in motion. Water bodies that capture solar energy in tropical regions travel with 
currents to colder regions and transfer the stored heat into the atmosphere.

As a result, cold regions benefit from the heat and life can grow more comfortably there. Without this 
phenomenon, air and ocean temperatures would be much warmer in tropical regions and much colder in 
temperate in polar regions. This fundamental mechanism influences temperature on the whole planet.
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Polar Regions Play an Important Role in Temperature Regulation Worldwide

The ocean is also involved in important phenomena controlling climate balance in the polar regions.

Albedo – definition 

When solar rays hit a white surface, they are sent back to space (reflected), because white surfaces do not 
absorb heat. On the contrary, dark surfaces absorb heat very efficiently. Pay attention next time you wear a 
black or a white garment on a sunny day. As a result, in polar regions, ice and snow reflect much of the solar 
radiation, thus maintaining a constant cold.

This mechanism prevents the polar ocean from absorbing too much solar energy and warming up too much. 
This is important for preserving the overall balance of the global climate.

Illustration A3.3 - Dark Surfaces Absorbs the Heat whereas Bright Surfaces such as Snow Reflects it. Polar Regions - Ice Caps - are Essential for Earth’s 
 Climate Balance

Ice Pack Formation Participates in the Development of Marine Currents

When seawater freezes in late fall, it loses half of the salt it contains. Surface waters therefore become saltier, 
colder and heavier. As a result, they sink towards the bottom of the ocean, creating movement that generates 
currents on the surface.

Thermohaline Circulation – definition

The resulting currents transport warm tropical waters to polar regions, thereby distributing the heat they 
contain to the highest latitudes.

This mechanism is called thermohaline circulation.

Rupturing this mechanism would change heat distribution on the entire planet. If less ice pack forms as a 
result of climate warming, this mechanism gets disrupted.

The Ocean is the World’s Main Water Reservoir

The ocean also influences rainfall. 97.4% of the water on Earth is salty seawater; 1.9% is fresh water in the 
form of ice; ground water represents 0.6%, and fresh water in lakes and rivers represents 0.1%. These figures 
help us understand that the vast majority of water that evaporates and forms clouds comes from the ocean. 
The ocean is the main driver of cloud and rainfall formation.

Thus, the ocean provides the freshwater needed to sustain life on Earth.

Figure A3.2 -Thermohaline Circulation
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The Ocean Influences the Atmosphere’s Gas Composition, and therefore Climate

• There are Gases in Seawater

 Although this phenomenon is not visible, seawater contains gases in dissolved form. There are permanent 
 gas exchanges between the ocean and the atmosphere. In some areas, the ocean absorbs oxygen (O2) 
 and carbon dioxide (CO2); in others, it releases the same gases. 

 It is now well known that CO2 is a greenhouse gas and contributes to the ongoing climate change.

 In this context, one can understand that the massive gas exchanges between the ocean and the 
 atmosphere are fundamental. It is estimated that 25% of the carbon dioxide released into the atmosphere 
 by humans since 1850 (using oil and coal) was absorbed by the ocean, thus limiting global warming.

• The Ocean Changed Atmospheric Composition Over Time

 When our planet was formed 4.5 billion years ago, the atmosphere was very rich in CO2 (20%). 3.7 billion 
 years ago, the emergence of organisms capable of photosynthesis literally pumped carbon dioxide from 
 the atmosphere to replace it with oxygen, progressively creating a climate enabling life to develop and 
 thrive on Earth. Thanks to the ocean, air is now composed of 20% oxygen and a small amount of carbon 
 dioxide (about 0.04%).

• The Ocean Produces 50% of the Oxygen on Our Planet

 It should also be noted that if the ocean produces 50% of the oxygen on Earth, this latter remains 
 essentially in seawater where it is consumed by marine organisms. This has no effect on the Earth’s 
 climate.

Conclusion

Links between ocean and climate are multiple and complex and involve mechanisms that affect the planet as 
a whole in the very long term.

The ocean distributes heat around the world, brings rain and changes the atmosphere’s composition.

In return, we must not forget that the ocean is also influenced by changes in the atmosphere. If the 
concentration of greenhouse gases increases in the atmosphere, the ocean warms up, and therefore affects 
marine organisms.

Functioning of the climate system is the result of a subtle balance between many elements. If one element is 
changed, the whole balance is affected on a global scale. That’s why preserving the ocean and the atmosphere 
is essential.

Please scan the QR code or click here for Part A further information and references.
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Coastal Environments in Hong Kong

Jade Yui Chain Tsui and Lincoln Fok
The Education University of Hong Kong

Geography and Physical Settings

Climate

The Hong Kong Special Administrative Region (SAR) borders the South China Sea and lies to the east of 
the Pearl River estuary. Its territory comprises a peninsular and adjacent archipelago including the largest 
islands of Lantau and Hong Kong. These land areas are surrounded by a 1,900km stretch of coastline and 
a sea area of 1648km2 (Environmental Protection Department – The Government of the Hong Kong Special 
Administrative Region, 2006). The SAR is located 130km south of the Tropic of Cancer and is influenced by 
a subtropical climate, with mild winters and hot and rainy summers (Figure B1.1). The average temperatures 
in winter (December to February) and summer (June to September) are 17°C and 28°C respectively. Rainfall 
in Hong Kong is abundant totaling 2,400mm per year (Figure B1.1). 80% of rainfall occurs during the rainy 
season from May to September, whilst less than 50mm of rainfall per month is recorded from November to 
January (Hong Kong Observatory, 2020b).

Figure B1.1 - Climograph of Hong Kong Observatory between 1981 and 2010. Data source: Hong Kong Observatory (2020b)

Illustration B1.1 - Map of Water Bodies in Hong Kong

The Coastal Environment in Hong Kong

Hong Kong is located at the southern coast of China, bordering the South China Sea. To its west, lies the 
Pearl River estuary. The main water bodies in Hong Kong are depicted in Figure B1.2. These water bodies 
are usually under the oceanic influence of the Guangdong Coastal Current, which flows in a westerly direction 
in the summer and an easterly direction in the winter, along the Guangdong coast (Fang, Fang, Fang, & 
Wang, 1998). In the rainy season, the western and southern waters of Hong Kong are under the influence of 
increasing flows from the Pearl River, when the water appearance on the sea surface is usually yellowish and 
turbid, and with a lower salinity of 10 per mille (parts per thousand) (Dong, Su, Wong, Cao, & Chen, 2004). 

Several reclamation projects have been undertaken in order to fulfil the needs of the growing population of  
Hong Kong. From 1850 to 1900, reclamation projects were carried out on both sides of Victoria Harbour to 
develop more urban areas on Hong Kong Island and the Kowloon Peninsula. As of 2016, around 70 km2, or 
6% of the total land area of Hong Kong, was reclaimed (Civil Engineering and Development Department (The 
Government of the Hong Kong Special Administrative Region), 2020). This reclaimed land comprises urban 
areas normally less than 5 meters above the mean sea level (Yim, 1995) and therefore is most susceptible to 
sea-level rise induced flooding.
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Climate Change and Hong Kong’s Coastal Environment

Global warming refers to the increase in surface temperature in recent decades as a result of human activity 
that has changed the nature of the land surface, as well as the composition of our atmosphere. This general 
rise in temperature in turn leads to a proliferation of other problems, such as more frequent heat waves, 
change in precipitation, rise of sea level, reduction in agricultural production and water resources, spread of 
disease, and loss of ecological and environmental balances.

Illustration B1.2 - Greater Natural Disasters such as a Typhoon 10 is a Consequence of Heat Rise

Figure B1.2 - Projected Changes in the Annual Temperature (°C) of Hong Kong Relative to the Average of 1986-2005 Under Medium-low (stabilization 
by 2100) and High (business-as-usual) Greenhouse Gas Concentration Scenarios

Effect of Climate Change on the Coastal Environment of Hong Kong

Similar to other coastal communities, Hong Kong is exposed to the effects of global warming. Hong Kong 
Observatory (2020c) observed the annual mean temperature has risen at a rate of 0.13°C from 1885 to 2019. 
It is projected that mean annual temperature will rise by up to 4.2°C by the end of this century (Hong Kong 
Observatory, 2020b), hence winter as we know it, will disappear altogether. 

Increasing global temperatures can also melt land-based ice and lead to thermal expansion of sea water. 
Both of these factors contribute to a sea level rise, with the latter accounting for a quarter of the observed 
sea level rise. Locally, observations of tidal gauges suggest that the sea level has been rising at a rate of 3.1 
mm every year (Hong Kong Observatory, 2020a), and it is projected that the sea level will continue to rise 
by up to 0.78 m (relative to the average of 1986 – 2005) at  the end of this century. Whilst it might not seem 
much at first glance, a rising sea level will increase the magnitude (height) of storm surges induced by tropical 
cyclones. [Note: as opposed to general public belief, there has not been any direct evidence indicating that 
the frequency of tropical cyclones will increase in Hong Kong due to rising temperatures.]

Illustration B1.3 - Sea Level is Expected to Rise on Hong Kong Shorelines by up to 0.78m by the End of the Century

Storm surges are an increase in sea level due to extreme weather events, such as a tropical cyclone. Strong 
winds and low atmospheric pressure associated with a storm system can lead to a rise in sea level. The height 
of an average storm surge is less than 1 meter. However, when the occurrence of an extreme event coincides 
with a spring high tide, the magnitude of a storm surge can reach 10 meters (eg. Nott, Green, Townsend, & 
Callaghan, 2014). In which case, a low-lying coast will be inundated easily.

The sea level observed by a tidal gauge at Tsim Bei Tsui was the highest on record during the passage of 
typhoon Hato (2017) and typhoon Mangkhut (2018), which were measured at 4.56 and 4.18 meters above 
chart datum respectively (Hong Kong Observatory, 2020d). The two events resulted in severe flooding in 
many coastal residential areas in Hong Kong, for example, Heng Fa Chuen, Tseung Kwan O and Shek O. As 
mentioned earlier, the sea level during the passage of a storm has two contributing components, the height 
of (i) tide and (ii) storm surge. Figure B1.3 illustrates the two components recorded during the passage of the 
two tropical cyclones mentioned. Past records tell us that a sea level in excess of 4 meters will result in coastal 
flooding. When the maximum sea level occurred in the two storm events highlighted earlier, tide levels were 
not at their  potential maximum, which can in fact reach 2.97 meters. In future, a Spring tide coupled with a 
rising sea level suggests that a storm surge during super typhoon events can  reach  as high as 5 meters. 
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Should the sea level of Hong Kong increase by a moderate amount of 0.48 meters as estimated by the IPCC, 
flooding would occur once every three years. Alternatively, if it increases by the maximum projected level of  
0.78 meters, flooding will become an annual event in Hong Kong (Climate Change Business Forum, 2014).

Figure B1.3 - Relative Contribution of Storm Surge and Tide Heights to Sea Level During Two Tropical Cyclone Events at Tsim Bei Tsui Gauging Station

The issue of increasing risk of extreme storm tides in Hong Kong due to the occurrence of typhoons is 
alarming. Kowloon and the northern shore of Hong Kong Island will face the greatest impact. It is estimated 
that worldwide, around 150 million people’s homes will be permanently flooded by rising sea levels by 2050 
and the number will increase to 200 million by 2100 (Tan, Low, & Mirando, 2019).
 

Marine Habitats and Biodiversity in Hong Kong

Dr. Walter Dellisanti 
City University of Hong Kong, State Key Laboratory of Marine Pollution

Marine habitats are considered to be any area supporting marine life and interactions with the marine 
environment. These habitats are very important for the health of worldwide ecosystems, covering almost 
65-70% of the total surface area of the planet. Here, the interactions between the organisms are called “food 
webs”, complex connections that support the energy of the oceans. In general, tiny algae (phytoplankton) 
produce energy and biomass from photosynthesis, similar to terrestrial plants (primary producer). They are 
eaten by small crustaceans (zooplankton) and fish. Top predators are then at the top of this food web and 
include sharks, dolphins and whales. Finally, humans benefit from aquatic life in any part of these food webs 
as goods and services of the marine ecosystem. Understanding these interactions is important when we 
observe marine habitats. 

Similar connections can be found in Hong Kong waters. Hong Kong has only a small marine area of 1,651km2, 
but it accounts for 26% of total marine species recorded in China (with many to be discovered yet!). Therefore, 
we consider Hong Kong as a marine diversity hotspot for the South China Sea. The marine biodiversity 
here is inclusive of mangroves, intertidal mudflats and coral communities. In this chapter, we explore the 
marine biodiversity of Hong Kong, describing the main marine habitats and organisms featuring this unique 
ecosystem.

Mangroves

Mangrove areas are formed by the combination of trees and shrubs found along the coastline, near estuaries 
of tropical and subtropical areas. Living in muddy soil, mangroves have an important role in protecting the 
coastline from erosion. Particularly, these plants are able to convert saltwater into freshwater used by the plant 
to support the entire organism.

Illustration B2.1 - Mangroves are an Essential Ecosystem as they Transform Salted Water (1) into Mineral Water (2)
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Hong Kong mangrove diversity counts for about sixty mangrove stands, the largest patch within the Pearl 
River Delta, including a cold-tolerant species (Kandelia obovata) commonly found in South-East Asia. These 
mangroves grow in saline habitats, near the sea, often exposed to thermal stress and are planted for the 
protection of the coastline from erosion and to ensure the stability of sand. Common mangrove crabs live 
within the mangrove habitats, the red-clawed crab (Parasesarma bidens) being very important for the recycling 
of organic matter and for supplying nutrients to the mangrove trees. A new crab species was discovered 
recently, the Hong Kong native tree-climbing micro-crab (Haberma tingkok).

Illustration B2.2 - The Mangrove is a Habitat for Multiple Endemic Species such as the Red Clawed Crab or the Mini Tree Crab

Illustration B2.3 - Mudflat Areas are Home to Multiple Invertebrates and Fish that Delight Migratory Birds

Intertidal Areas

The intertidal habitat is the muddy area subjected to elevated variations of tides. High tides make this area 
submersed and therefore wet, allowing the presence of marine animals. When low tides occur, this area 
becomes exposed and it may turn humid or dry until the next tide. This supports the presence of many 
organisms at different trophic levels (from producers to consumers) and elevated biodiversity.

Important intertidal mudflat areas are located on the western coasts of Hong Kong. These areas are rich in 
invertebrates living inside sediment and on the surface (more than 80 species of invertebrates!). They are easy 
prey for migratory water birds passing through Hong Kong during the winter migration, as well as goby fish 
and fiddler crabs. This area is regulated under the Ramsar Convention on Wetlands.

Illustration B2.4 - In Hong Kong, Only Four Species of Seagrass are Known

Among plants living near the intertidal areas, seagrasses are the only plants surviving to a range of salinity 
and temperature in coastal waters. Similar to terrestrial plants, seagrasses have roots, shoots and flowers 
developing fruit and seeds. In Hong Kong only four species of seagrass are living (Halophila beccarii, Halophila 
ovalis, Ruppia maritima and Zostera japonica). These species are important for coastal ecosystems, helping 
to stabilize the coastal sediment and providing shelters to all small animals living in muddy soil.

Seaweed

Another primary producer playing an important role in the ecology of Hong Kong is seaweed. Seaweed is 
similar to seagrass, but it is not a plant. Belonging to marine algae, seaweed does not have roots and does 
not produce flowers and fruit. It can attach to the substratum, eg. sea bottom, where it can grow using the 
sunlight for photosynthesis and uptake nutrients from seawater. Along its surface, numerous vesicles are filled 
by air which helps it as a whole to stand vertically in the water column. Among over 200 species of marine 
macroalgae, the genus Sargassum is dominant in Hong Kong Eastern waters, growing fast during the winter 
(from November to April, in general) only to disappear during the summer. It can grow up to two to three 
meters in length, creating a stunning atmosphere for swimmers and divers who swim through it.

Illustration B2.5 - Over 200 Species of Marine Macroalgae are in Hong Kong Eastern Waters
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Coral Communities

Coral reefs are considered the biodiversity hotspot, being home to thousands of species of marine organisms. 
Reefs are widely distributed in the shallow regions of tropical and subtropical areas, but some particular 
species can be found in deep seas. Corals belong to the phylum of Cnidaria, same as jellyfish! However, 
most of the corals live attached to the sea bottom, where the animals (polyp) live in symbiotic relationships, 
eg. mutualism, with a micro algae (zooxanthellae) and together produce energy for the survival and growth of 
both. The polyp offers protection hosting the microalgae in its tissue and the zooxanthellae in turn produces 
oxygen and carbohydrates, sugars, useful for the polyp diet. The polyp can also use its tentacles to catch 
prey. The energy created is used to uptake dissolved carbonate to form the coral skeleton. 

The aggregation of coral reefs creates a unique habitat so-called “rainforest of the seas” which includes a 
myriad of species of fish and invertebrates forming the coral reef ecosystem. In  coastal areas, the service 
of coral reefs is related to protection from erosion, provision of food, as well as recreational opportunities for 
people and tourists living around the reef. 

The coral living in Hong Kong is considered to have formed a marginal reef due to its high latitude. As the 
majority of coral reefs are living in  tropical oceans, Hong Kong is in the subtropical area subjected to natural 
strong climatic variations between seasons. Dry season (winter) is characterized by low temperature and 
high salinity whilst wet season (summer) has elevated temperature and low salinity waters. The coral living in 
this habitat is therefore called “stress-tolerant” because it is able to survive this changing environment and to 
implement a precise adaptation of behavior and metabolism. 

Hong Kong hosts hundreds of species of corals, of which about 84 are stony corals formed by hard skeletons. 
They are widely distributed in Eastern waters, around the Sai Kung peninsula, far from the direct influence 
of the Pearl River estuary on the West, which brings freshwater and nutrient loads. However, minor coral 
communities can be found also in Southern waters. In general, these corals live in the sub-tidal area between 
three to five meters in depth, but some particular species, like black corals, can be observed up to 20 meters 
deep. Because of the environmental features, Hong Kong corals have a distinct morphological pattern based 
on species distribution. The boulder-like (Platygyra spp, Favia spp, Dispastrea spp, Porites spp) and plate-like 
(Pavona spp, Montipora spp) shape are the most common morphologies of stress-tolerant stony corals that 
can be found in Hong Kong.

Most of the coral communities are protected within the designated Marine Parks and Reserve areas, with the 
main purpose of conservation, education and scientific research. 

Illustration B2.6 - Hong Kong Coral is Stress Tolerant as it Can Survive a Changing Environment such as Cold or Hot

Hong Kong Coral Communities ©Walter Dellisanti

Please scan the QR code or click here for Part B further information and references.
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Part C
Oceans at Risk

Illegal Fishing

Gary Stokes  
Director of Operations, Oceans Asia

IUU Fishing is one of the greatest threats to our oceans, besides ocean pollution, ocean acidification, coastal 
development projects and offshore extraction industries such as oil and gas. Which all pose a threat to marine 
life and biodiversity.

What is IUU Fishing?

The term IUU fishing is used to describe fishing that breaks fisheries laws or occurs outside the reach of 
fisheries laws and regulations. It is useful to explore each of the three components of the term, as they each 
refer to a different practice, not all of which are strictly illegal. The International Plan of Action to Prevent, Deter, 
and Eliminate Illegal, Unreported, and Unregulated Fishing (IPOA-IUU) offers a detailed definition, which can 
be summarized as follows:

• Illegal fishing refers to fishing activities which directly violate the laws and regulations of a state within its 
jurisdiction. This includes fishing conducted by national or foreign vessels in waters under the jurisdiction of 
a state, without the permission of that state, or in contravention of the laws and regulations of that state. As 
well as fishing which violates the laws, regulations, and conservation and management measures adopted 
by a fishing vessel’s flag state, or which generally violates national laws or international obligations, the 
obligations of cooperating states to relevant regional fisheries management organizations (RFMOs) (Source).  

 

• Unreported fishing refers to fishing activities “which have not been reported, or have been misreported, 
to the relevant national authority, in contravention of national laws and regulations,” or similar lack of 
reporting or misreporting to regional fisheries management organizations (Source). 

• Unregulated fishing is a broader term which includes fishing conducted by vessels without nationality, 
or those flying the flag of a country not party to a RMFO within the jurisdiction of that RMFO, or fishing 
in areas outside state or RFMO jurisdiction, or for fish where there are no applicable conservation or 
management measures (Source).

Illustration C1c.1 - Fishing in Waters under the Jurisdiction of the State without Permission is Considered Illegal

C1c
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Fisheries Crime 

IUU fishing refers specifically to activities directly relating to extractive practices targeting marine species 
(fishing). While this term is helpful, it fails to capture the full extent to which crime pervades the fishing 
industry and can be found at every stage of the fisheries supply chain. For this reason, we prefer to use the 
term ‘fisheries crime’ or ‘fish crime’ to better capture the wide range of illicit activities in the fishing sector 
(Source 1; Source 2; Source 3). This term better captures the way in which criminal activity extends beyond 
the point at which fish are captured, and transfuses all aspects of the fisheries supply chain. 

An examination of the fisheries supply chain reveals criminal practices at every stage: 

• Preparation of fishing vessels for operation: companies will sometimes obtain fishing licenses 
through forgery, extortion, bribery or other illegal means. IUU vessels are notorious for their use of flags 
of convenience – a practice where a ship registers under the flag of a country other than the country of 
ownership. This is often done in order to evade rules and regulations in the country of ownership, and to 
facilitate other illegal activities (Source). Crime can also be seen in the way in which workers are recruited 
to crew vessels. There are numerous reports of dishonest and sometimes violent recruitment methods 
used by crewing companies and brokers (Source 1; Source 2; Source 3)

• Catching fish: which includes such things as deploying illegal equipment (such as driftnets, cyanide, or 
dynamite), fishing in areas with little to no governance, or fishing just outside of protected areas. 

• Landing and reporting a catch: forging or falsifying catch records, keeping multiple log books for the 
purpose of concealing actual catches or the correct locations of catches. Vessels engaged in IUU fishing 
will often manipulate their Automatic Identification System (AIS) data in a number of ways, including 
falsifying vessel identity, obscuring vessel destination, going dark (whereby the AIS is simply turned off), 
spoofing their AIS to create vessels that do not exist, and manipulating GPS data (Source). Numerous 
reports also point to forced labour, slavery, and other forms of labour abuse onboard fishing vessels 
(Source 1; Source 2; Source 3; Source 4). 

• Processing the catch: high-grading, the practice of discarding fish which have a lower market value 
(due to size or quality) or discarding species with no or very low commercial value, or which are caught 
alongside a targeted catch is an incredibly wasteful practice and one which often contravenes laws and 
regulations (Source 1; Source 2; Source 3). Reports also document child labour, slave labour and other 
serious labour violations in fish processing plants (Source 1; Source 2; Source 3).

• Transporting and exporting fish and fish products: fish laundering, transshipment, offloading at ports 
of convenience, false labelling and export permits, and the use of bribery to facilitate the movement of 
illegal fish products are all used. The process of transshipment has also been criticized as leading to 
labour and human rights violations; through regular resupply and offloading via transshipment, vessels 
may remain at sea for months even years, effectively imprisoning crew members on board and leaving 
them vulnerable to abuse and exploitation (Source 1; Source 2).  

• Selling fish and fish products to consumers: falsely labelling products and direct sales as a means of 
avoiding taxation. False labeling may include falsely identifying the species, country or origin, or any other 
elements that may appear on a label – one report found that  as many as 20% of fish tested were falsely 
labelled (Source 1; Source 2).

• Accounting of earnings for tax purposes: illicit earnings need to be hidden, likewise companies will 
undertake a number of measures to hide their profits or otherwise dodge taxes. Companies will often 
do so by operating under a flag of convenience and employing complex networks of shell or letterbox 
companies in order to avoid regulations and shirk paying their fair share of taxes (Source).

There are even reports of fraud in fish tasting competitions (Source). 

Illustration C1c.2 - 75% of the World’s Fish Stocks are Overfished

These practices meet the criteria, and therefore should be classified as a form of transnational organized 
crime (Source). We can also see the involvement of various other organized crime elements at various stages 
of the fisheries supply chain.

The Scale of IUU Fishing

Because it is clandestine in nature, determining the scale of IUU fishing is a challenge, however, what we can 
tell is that the scale of IUU fishing is enormous. The FAO estimates that the annual global IUU fishing catch 
to be between 11-26 million tonnes (Source), which the PEW Charitable Trust notes “equates to more than 
1,800 pounds of wild-caught fish stolen from our seas every second” (Source). In economic terms, global IUU 
fishing catch is estimated to be worth USD10-30 billion (Source 1; Source 2). Overall, IUU fishing is thought to 
account for between 10-22% of global fisheries production (Source), and in some important fisheries it may 
account for a significantly larger proportion of the catch (Source 1; Source 2). 

The Harms of Fisheries Crime

Our oceans are in trouble, and global fish populations are being severely overfished. The FAO estimates that 
75% of the world’s fish stocks are fully exploited, overexploited, or depleted (Source). A total of 33.1% of fish 
stocks are being fished at biologically unsustainable levels, and only 7.0% of fish stocks were classified as 
‘underfished’ in 2015 (Source). This should be a serious concern. Many of these fish populations will require 
years to rebuild, and require rigorous and evidence-based conservation strategies effectively employed 
and enforced. While many fish populations continue to be legally overfished, IUU fishing undermines any 
conservation efforts.  

Without effective enforcement, IUU fishing will increase in the face of declining fish stocks and increasing 
demand. Global fish populations are precarious enough without the added depredation of IUU fishing. 
Extinction is forever and irreparably alters ecosystems, having far-reaching effects. Given its scale, it is little 
wonder that the impacts of IUU fishing and fisheries crimes are severe and global. 
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IUU Fishing:

• Destroys marine ecosystems and species worldwide: IUU fishing is particularly destructive to 
precarious marine species because it is conducted outside of regulatory controls designed to protect 
these species. Because IUU catches are not accurately measured, they further frustrate conservation 
efforts by confounding population estimates. Illegal fishing methods often employed by IUU fishers have a 
wide range of harms to both target species and other marine wildlife and ecosystems. There are reasons 
why certain types of fishing gear and methods are banned in many jurisdictions. Methods like drift nets 
are notorious for high levels of bycatch that include at risk marine species like marine mammals, birds, 
sharks and turtles (Source 1; Source 2). Likewise, illegal methods like dynamite fishing have terrible and  
long-lasting impacts on fragile coral ecosystems (Source).  IUU fishers will ignore other conservation 
efforts designed to protect threatened species, measures like catch and size limits, designated fishing 
areas and marine protected areas (MPAs), and prohibitions against dumping fishing gear (leading to ghost 
fishing and other harms). Due to a number of factors, IUU fishers may also use older, more polluting, 
vessels, which also have a greater impact on the environment (Source).

• Risks the well-being and safety of crews: Many IUU fishing rackets will operate under a flag of 
convenience, in order to shirk fishing regulations, but equally to avoid rigorous workplace safety 
regulations and to cut corners. As noted above, there are numerous reports of labour violations on board 
vessels engaged in IUU fishing, including forced labour, child labour, slavery, and even murder (Source 1;  
Source 2; Source 3).

• Threatens food security: Fish is an important source of protein for the world’s growing population. 
According to the FAO, “in 2015, fish accounted for about 17% of animal protein consumed by the global 
population. Moreover, fish provided about 3.2 billion people with almost 20% of their average per capita 
intake of animal protein” (Source). Additionally, it is estimated that one third of global fish catches are 
ground up and used as animal feed (Source 1; Source 2). Given the importance of marine protein, the 
impacts of collapsing fish stocks resulting from IUU fishing on food security both regionally and globally, 
could be severe. 

• Harms legitimate fishers: There are roughly 3.2 million marine vessels operating around the globe 
(Source), and an estimated 500 million people in developing countries depend, directly or indirectly, on 
fisheries and aquaculture for their livelihoods (Source). Because they are not constrained by regulations 
and laws, IUU fishers have a competitive advantage over legitimate operators. As Ronald Liddick an 
associate professor of criminal justice at Penn State University explains, “legal and illegal fish are sold 
on the same markets, but legitimate fishers pay higher operating costs associated with licensing and 
overhead due to conservation and management measures…unfair competition from illicit operations may 
pressure legitimate outfits to cheat as well” (Source).

• Damages economies: The economic value of global fisheries in 2018 was an estimated by the OECD 
to be worth USD74 billion (Source), and the overall economic impact of fisheries on other sectors (boat 
building, canning, etc.) was an estimated USD240 billion in 2010 (Source). The potential economic impact 
of the collapse of a fishery is severe, not just for fishers themselves, but associated industries and regional 
and national economies. One need only look at the impact of the collapse cod fishery on the economies 
of eastern Canadian provinces like Newfoundland and Labrador as an example (Source).  IUU fishing can 
negatively impact other aspects of an economy as well. By depleting and destroying marine ecosystems, 
IUU fishing can negatively impact industries like tourism, notably the highly lucrative dive industry. One 
estimate by the PEW Charitable Trusts estimated annual value of a single reef shark to the tourism industry 
at USD179,000, or USD1.9 million over the sharks lifetime, compared to USD108 which could be earned 
by selling the sharks fins (Source). 

• Steals from state coffers: IUU fishers will often go to considerable lengths to avoid paying such things 
as paying licensing fees, taxes, import duties, and other levies, and as a result, they deprive coastal states 
of revenue – revenue that could be used to bolster monitoring and enforcement efforts (Source). Likewise, 

income generated by IUU fishing does not contribute to the overall economy – it does not create legitimate 
jobs or lead to legitimate investments (Source). 

• Undermines good governance: IUU fishing, like other forms of organized crime, is closely associated 
with, and often facilitated by corruption, as well as other illicit, dangerous and predatory practices such as 
extortion, laundering, bribery and even human trafficking, drug dealing and murder (Source 1; Source 2). 
Ultimately, IUU flourishes when governance is weak, as do these other associated illicit practices. 

What is OceansAsia Doing?

As you can see illegal fishing is a global issue but you do not need to go far to find illegal fishing vessels 
operating. Here in Hong Kong we often find foreign fishing vessels crossing the border into Hong Kong waters 
and illegally poaching Hong Kong’s fish stocks. In 2013 the Hong Kong government outlawed all trawling in 
an effort to protect our marine ecosystems. Trawlers are one of the most destructive forms of fishing, many 
drag their nets, weighted down by large ‘barn doors’ which drag along the seabed, destroying all life on the 
seafloor such as sponges, soft corals and the like, leaving behind a wasteland devoid of all life on the seafloor.

OceansAsia uses a combination of technologies including drones and long-range cameras to document 
illegal fishing activities and passes the evidence to the Hong Kong authorities to aid them in prosecutions. 
We all use our small boat to patrol the southern waters to seek out poachers and call in the law enforcement. 
Recently we have set up a network of small time-lapse cameras, hidden along shorelines, capturing images 
every minute, 24hrs a day, so that we can better understand the poacher’s patterns and therefore be more 
efficient in our patrols.

Illustration C1c.3 - IUU is a Form of Organized Crime Sustained by Corruption
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Shipping

Abbie Hui  
Hong Kong Maritime Museum

Why do we need shipping? The world is made up of 70% water and moving goods between countries is the 
most efficient form of transport. Figure C1d.1 illustrates the outstanding efficiency of shipping goods by sea 
compared with other means of transport. Shipping a 40-tonne container on a container ship is eighty times 
more efficient than by truck. 

C1d

Figure C1d.1 - Comparison of Typical CO2 Emissions Between Modes of Transport (Source: IMO GHG Study, 2009 (*AP Møller-Maersk, 2014))

Another fact that can be derived from Figure C1d.1 is that the largest ship is the most efficient as it has the 
lowest CO2  per tonne mile. This does question the reasoning of sending any cargo by air when it takes 435 
grams of CO2 per tonne mile, 145 x more than shipping the same goods by sea. If a significant worldwide 
carbon tax was introduced for all cargo movements, it is likely that the amount of cargo moved by air would 
greatly diminish. 

The growth of shipping has been closely correlated to the world GDP for many years. As world GDP increases 
on average between 2-3% a year so does the amount of shipping. In 2019, there were 95,000 ships moving 
7.15 billion tonnes of bulk cargo worldwide by sea made up of, 1.5Bt oil, 1.5Bt iron ore, 1.25Bt coal, 0.5Bt 
grain, 2Bt minor bulks and 160 million teu containers.1 The predicted growth of shipping over the next 10 
years is expected to be significant, see table opposite. Overall this resulted in 60 trillion tonne miles, moving 
90% of world trade but only emitting between 2.6%2 of world CO2 emissions.3

Figure C1d.2 - Predicted Increases in World Seaborne Trade, GDP and Population (Source: World Seaborne Trade – HIS Global Insight; World  
 Economy – OECD Statistics; World Population – UN Department for Economic and Social Affairs, Population Devision)

Shipping’s affect on the Ocean can be broken down into 6 areas:

1. Air Emissions 
2. Oil Pollution 
3. Ballast Water and Transference of Invasive Species 
4. Bio Fouling Species Migration 
5. Sewage and Grey Water Discharges 
6. Garbage Disposal 

Illustration C1d.1 - Modern Society Involves Shipping Vessels Crossing Oceans but there are a lot of Environmental Concerns around them
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Air Emissions 

In 2019, shipping used about 300 million tonnes of fuel oil, sending 1,000 million tonnes of CO2 into the 
atmosphere, plus 13% of world Sulphur Dioxide, SOx, emissions and 15% of Nitrous Oxide, NOx.4 Besides 
being very harmful to human health, the SOx and NOx gases eventually end up in the sea increasing its 
acidification. Shipping’s CO2 emissions, roughly the size of Germany, add to global warming which is creating 
warmer seas, killing coral and fish and melting glaciers causing higher sea levels. If nothing is done to stop the 
growth of GHG (Greenhouse Gas) from shipping over the next 30 years, while countries continue to reduce 
GHG under the Paris Agreement, ships could become one of the largest CO2 emitters. 

Shipping is not part of the Paris Climate Change Agreement and is governed by the IMO, International Maritime 
Organization, a UN body, with 174 maritime countries as its members.5 It was recognized some time ago that 
air pollution from ships could have very serious implications for the world so major initiatives are now in place 
to significantly curb CO2, SOx and NOx. In 2018 shipping companies voluntarily agreed to reduce CO2 from 
ships by 50% by 2020 compared to 2008, considered the maximum, and to Zero well before the end of the 
21st century.6 The SOx percentage in ships fuel oil was reduced from 3.5% to 0.5% on 1st January 2020 and 
to 0.1% in special economic coastal areas, SECA’s.7 NOx is also being curbed to similarly low levels used in 
diesel engines ashore.8 Meeting the CO2 goals requires new zero emission fuels 9 Hydrogen and Ammonia are 
popular choices at the moment, but worldwide bunkering will be needed so ships can refuel when and where 
needed. One other beneficial aspect of zero emission fuels is also zero SOx, NOx. 

Figure C1d.3 - IMO Agreement to Reduce Atmospheric Pollution from Ships

Oil Pollution 

In 1993, a UN Group of Experts estimated that 2.3 million tonnes of oil was being spilled into the world’s 
oceans every year. However, 50% of that came from land-based sources, 13% from atmospheric fallout, 11% 
from natural seepage with 24% from shipping, mostly due to oil tanker casualties.10 Although this was much 
better than the oil spills from shipping in the peak of the 1970s, it was still very serious. 

The first major tanker disaster was the Torrey Canyon 11 1969 in the English Channel, another major tanker 
disaster was the Exxon Valdez 12 in Alaska in 1989. Both of these events drove major changes in tanker 
design and oil pollution regulations. The United States introduced the Oil Pollution Act 1990 (OPA 90) requiring 

double hulls for new tankers vessels and specifying a phasing out schedule for existing single hull tank vessels 
operating in US waters.13 The IMO followed, requiring all tankers worldwide to adopt the same rules, and from 
then on oil spills from ships dropped dramatically. By 2003 oil spills from ships represented less than 2% of 
Ocean oil pollution while at the same time the oil transported in oil tankers had doubled. This has continued 
to fall year by year as rules governing tankers have been tightened. See Figure C1d.4 below.

Figure C1d.4 - Marpol 73/78 Has Helped Ensure a Dramatic Reduction in Oil Spilled (Source: ITOPF)

Figure C1d.5 - How Water is Pumped into the Bottom Ballast Tanks in Port After Discharging Cargo and How it is Pumped Out Before Loading Cargo

Ballast Water and the Transference of Invasive Species

To make ships stable and prevent them from capsizing, the majority of the weight in every ship must be as 
low down as possible. When ships are fully loaded, the weight of the cargo is normally sufficient to maintain 
stability, but when the cargo is discharged it must be replaced by some other weight. On modern ships, sea 
or river water is pumped into the bottom ballast tanks in port after discharging cargo and on arrival at the 
discharge port is pumped out before loading cargo. See Figure C1d.5 below.

For many years, this was thought to be a very good system: sea water is free, and it is entirely natural, so it 
was considered to be harmless in environmental terms.

Unfortunately, the system turned out to be quite harmful in certain circumstances because sea water contains 
many living organisms which, although they may be benign in the areas where they originate, can do serious 
harm if they are pumped out in a different location with no natural predators. Unwanted organisms may include 
marine and freshwater fish larvae, small fish, crustaceans, algae, invertebrates and even viruses and bacteria.
When discharged in a new area, these so-called invasive species may breed rapidly and have a very harmful 
effect on the local environment.14 As ships became larger and larger the amount of ballast water being 
exchanged was enormous. An ultra large iron ore carrier of 400,000 dwt would discharge 150,000 tonnes of 
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ballast in the loading port.  To prevent the transfer of species ships regulations required that the ballast water 
taken on in port is exchanged in mid ocean, in calm seas and deep water, to take on cleaner water. Recently, 
the IMO’s Ballast Water Convention came into force requiring all ships to install ballast water treatment systems 
before October 2024.15 These are complicated systems and do not always work as intended so the fall back 
is to still carry out exchanges mid ocean. This could be termed closing the door after the horse has bolted 
as years of species transfers around the world have already caused irreversible biological damage to many 
ocean areas of the world. 

Bio Fouling Species Migration 

Besides ballast water, the underwater hull can also transfer nonindigenous species around the world.16 

Ships hulls are painted with antifouling paint to prevent marine fouling which is specified in years between 
drydocking’s, also taking into account ships’ speed and days at sea and in port. There are large variations in 
the costs of antifouling paints and lower cost solutions generally require targeted specifications to be closely 
adhered to. If not, marine fouling of the antifouling paint can quickly occur.

Typical hull marine fouling starts as slime, followed by weed, worms, mussels and barnacles. In niche areas 
where water flow is minimal, even while underway, such as unused sea chests and thruster tunnels, under 
bilge keels and tops of rudders, more aggressive marine organisms can grow and nurture marine eco systems. 
Regardless of where the fouling is, if it is not removed, transfer of marine life from one part of the world 
can still occur. Besides causing migration of species the marine fouling creates friction causing higher fuel 
consumption and higher GHG emissions. 

The IMO produced Bio Fouling prevention guidelines in 2013 and promoted ships and countries to adopt 
management systems to monitor ships underwater areas to prevent marine fouling. To date only New Zealand 
and California have put the guidelines into local law but the IMO is being urged to make the guidelines 
mandatory. It is anticipated that a Bio Fouling Convention will be agreed by 2022 and become mandatory for 
all ships between 2025 and 2030. 

Removing the hull fouling requires powerful hull washing machines. Sensitive to species migration and bio 
damage most ports do not allow any hull cleaning unless the marine fouling can be vacuumed up so nothing 
falls into the surrounding sea. The technology to do this is still in its infancy but will become more widely used 
once hull cleaning guidelines are published later in 2020. 

Robotic cleaning systems are being developed which can operate without divers, 24hrs a day, and also 
capture the marine debris. The demand for robotic hull and propeller cleaning is expected to grow strongly in 
the coming years. 

Sewage and Grey Water Pollution of the Ocean

All ships are required to have approved sewage treatment systems 17 which ensures that all sewage is properly 
treated before discharge, but it is recognized that sewage discharge can still pollute ports and coastal waters 
especially enclosed seas like the Baltic and Black. Sewage discharge without treatment is prohibited within 
12 miles of the nearest land, except under the following conditions:

• The sewage is comminuted and disinfected using an approved system and discharged not less than four  
 miles from the nearest land. It must be discharged gradually while the ship is sailing at a speed greater than  
 four knots; 
and
•  The ship has an approved sewage treatment plant which does not produce visible floating solids or  
 discolouration of the surrounding water.

Sewage pollution is still a major problem as left untreated it can cause serious health problems, but the 
vast majority enters our oceans from the land. For example, 80% of urban sewage discharged into the 
Mediterranean Sea is untreated. 

Passenger ships create the most sewage output. The largest passenger ships now have 6,000 passengers 
and 3,000 crew. However, these ships have very sophisticated vacuum sewage plants which use very little 
water. The sewage residue after treatment is contained in large holding tanks while the ship is in port and only 
discharged to sea as per the regulations above, but even when discharged over 4 miles from land in inland 
seas such as the Baltic Sea, Black Sea, Red Sea, Canadian, Norwegian and Alaskan inside passages due 
to the very large volumes this can still create environmental hazards. A study into the sewage discharge from 
large cruise ships is currently underway by NGO’s. Further IMO sewage legislation is anticipated in the next 
few years.

Greywater 18 water discharged from all other sources; showers, washing basins, laundries, gallies etc, is 
currently discharged overboard with no treatment from most cargo vessels. However, ports and countries with 
inland protected waters, the Baltic Sea, Black Sea, Red Sea and Canadian, Alaskan and Norwegian inside 
passages, now require passenger ships to contain Greywater onboard in large holding tanks for disposal at 
sea over 12 miles from land and outside the inland sea areas. But for other ships the discharge of greywater is 
unregulated. This is most likely to change as the amount of shipping is increasing as ports and coastal areas 
cannot withstand the high levels of grey water being discharged.  A study into the issues involved is currently 
underway at the IMO. New regulations to control Greywater are expected in the near future.

Illustration C1d.2 - Although Cruise Ships are Modern, a lot Remains to Be Done in order to Make them “Ocean-Friendly”
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Figure C1d.6 - Pollutants Entering the Oceans

Garbage Disposal 

All ships create garbage which has to be disposed of in an environmentally responsible manner.19 Most 
ships have incinerators and when possible, readily combustible garbage is incinerated. However incinerating 
plastics and other garbage which creates dangerous air emissions is not allowed. The IMO introduced stricter 
rules for disposal of various types of garbage ashore in 2013. This totally prohibits the disposal of plastics 
anywhere into the sea and severely restricts discharges of other garbage from ships into coastal waters and 
Special Areas, unless explicitly permitted by the MARPOL Annex. 

The new rules are very comprehensive and prohibit the discharge of most floating waste such as plastics and 
rope, and any chemicals which are harmful to the marine environment. Ships are required to keep garbage 
on board, for discharge to proper reception facilities in port. In addition, every ocean-going ship must have a 
Garbage Management Plan and every kilogram of garbage must be fully accounted for. 

Conclusion – Overall Ocean Pollution

Contrary to popular belief, the majority of pollution in our Oceans does not come from ships but from the land, 
as shown in Figure C1d.6.20 Most ocean pollutants come from sewage outfalls, agricultural or industrial runoff. 
Even marine litter comes mostly from ashore. However, shipping is considered to be directly responsible for 
about 10% of the pollutants entering the sea and also contributes to air pollution and some marine litter as 
explained above. 21

Exact figures are difficult to pinpoint but, it is estimated that between 600,000 to 800,000 metric tons of 
fishing gear is abandoned at sea or lost during storms each year. 22

Another 8 million metric tons of plastic waste, including plastic bottles, bags, toys and other items, flow 
annually into the ocean from beaches, rivers and creeks. 23

Even though shipping is not the major contributor to ocean pollution, there is no room for complacency and a 
number of steps have been taken to reduce the impact of ships on the marine environment.
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Climate Change Consequences

George Ma
Jockey Club Museum of Climate Change, The Chinese University of Hong Kong

Global Warming 

Global warming generally refers to the increase in our planet’s surface temperature over a long period of time. 
It is one aspect of climate change, but it does in turn drive other long-term changes in our climate, including 
sea level rise, extreme weather and ocean acidification.
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Figure C2a.1 - Comparison of Observed Global Surface Temperature Change (Black Line) with Model Simulations. In One Simulation, only Natural  
 Effects were Taken into Account (Pink Area). In the Other, Both Natural and Anthropogenic Effects were Taken into Account (Blue  
 Area). The Observed Warming Can Only be Reproduced in the Second Case Where Anthropogenic Effects (ie. Greenhouse Gas  
 Emissions) were Added in (Source: IPCC Assessment Report 5)

This increase in global temperature is attributed (Figure C2a.1) to the increased heat-trapping greenhouse gas 
emissions after the Industrial Revolution which significantly changed the history of humanity: people moved 
to cities and worked in factories; animal power became replaced by engines powered by fossil fuels. These 
factors have led to a surge in fossil fuel consumption, thus greenhouse gas emissions.

These extra greenhouse gases in the atmosphere released by human activity have intensified the greenhouse 
effect, trapping more heat near the surface of our planet. One must, however, appreciate that natural 
greenhouse gases are indeed a good thing without which our planet would have been too cold to live on. 
It has been estimated that the average surface temperature at the Earth’s surface would be around –18°C 
rather than the actual average of +15°C.

Figure C2a.2 - Annual Global Mean Temperatures Expressed as a Difference from Pre-industrial Levels, ie. 1850–1900 (Source: UK Met Office)

It is these extra greenhouse gases we are worrying about. To date, human-caused greenhouse gas emissions 
have led to an increase in global surface temperature by approximately 1.2°C (Figure C2a.2). Under the 
current emission rates, we are likely to reach 1.5°C warming between 2030 and 2052.

Sea Level Rise

Under the effect of global warming, sea level rises as a result of two distinct processes:
• Firstly, the sea water expands as it gets warmer; and
• Secondly, melting of mountain glaciers and ice sheets on Greenland and Antarctica adds water to the 

oceans.

The oceans are absorbing more than 90% of the excess heat generated by global warming. As this heat is 
absorbed, ocean temperatures rise and sea water expands. This thermal expansion has contributed to about 
one-third of the global sea level rise observed.

Illustration C2a.1 - Sea Level Rise is a Consequence of Ice and Glaciers Melting, Home to Endangered Polar Bears
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Figure C2a.3 - Cumulative Polar Ice Sheet Mass Change Relative to 2002 (Source: NASA’s GRACE and GRACE Follow-On satellites)

Figure C2a.4 - Global Sea Level (1900–2020) (Source: 2° Institute)

Another two-thirds of the global sea level rise is attributable to the melting of mountain glaciers and polar ice 
sheets worldwide on land. Today, continental ice is losing hundreds of gigatonnes (Gt) of mass each year 
(Figure C2a.3: 1 Gt of ice is equivalent to 1 km3 of meltwater). 

One must note that the melting of sea ice does not cause the sea level to rise, because the ice is already 
submerged in water (the melting itself does not introduce extra mass into the ocean). This melting, however, is 
responsible for the amplification and acceleration of global warming through reducing the albedo, a measure 
of an object’s or surface’s reflectivity, of the once ice-covered region, given sea ice reflects more sunlight than 
the ocean.
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Figure C2a.5 - Contributions of Mountain Glaciers and Polar Ice Sheets to Sea Level Rise by 2100 in Different  
 Emissions Scenarios

Today, global average sea level has risen by about 180 mm over the past 100 years (Figure C2a.4). The rate 
of rise for 1993–2020, of 3.4mm/year, was unprecedented in the past century, compared to 1.1-1.9 mm/year 
for 1901–1990.

Emissions 
Scenarios

Mountain 
Glaciers

Greenland Ice 
Sheet

Antarctica Ice 
Sheet

Total

RCP2.6 9.4 cm 7 cm 4 cm 20.4 cm
RCP8.5 20 cm 15 cm 12 cm 47 cm

The melting of continental ice is likely to continue in the next century, causing the sea level to continue to 
rise. Scientists, using computer models, estimate the changes in sea level by 2100 through different emission 
scenarios. Two of the most commonly cited scenarios are the RCP2.6 and RCP8.5, which represent a  
low-emissions scenario and a high-emissions scenario. These two scenarios suggest that continental ice 
melting will contribute to a sea level rise of 20.4-47 cm, respectively, by 2100 (Figure C2a.5).

In a worst-case scenario, if the Earth warmed enough, we might expect the ice covering Greenland and 
Antarctica and in mountain glaciers to melt completely, returning our planet to an ice-free state some 34 
million years ago. If all the ice were to melt, the sea level would rise by some 70 m.

Mean Sea Level
 

Chart Datum

Storm surge and high waves caused by tropical cyclone 

Increased threat of storm surges with a higher mean sea level 

Mean Sea Level

 
Chart Datum
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Storm Surge is a Short-term Rise of Sea Level Due to the Combined Effects of Low Pressure Near the Centre and High Winds Associated with a 
Tropical Cyclone. It Causes Flooding Along the Coast and Other Types of Erosional Damage. As the Average Sea Level Rises Due to Global Warming, 
Storm Surge on Average will also Rise (Source: Hong Kong Observatory)

Figure C2a.6 - Storm Surge Brought by Super Typhoon Hato in August 2017 Caused Serious Flooding in Low-lying Areas in Hong Kong  
 (Source: Drainage Services Department, HKSAR Government)

The rising sea level will not only increase the chance of coastal flooding but also accentuate the threat of storm 
surges brought by cyclones (See photo opposite and Figure C2a.6). Storm surge is a short-term rise of sea 
level due to the combined effects of low pressure near the centre and high winds associated with a tropical 
cyclone. Abnormally high water levels will bring a real threat with potentially catastrophic consequences when 
high tides coincide with storm surges.

Ocean Acidification

When carbon dioxide is released into the atmosphere by human activity, about 50% remains in the atmosphere 
while between 20% and 30% is absorbed by the ocean and the rest by forests and other plants. The ocean 
is therefore an important carbon sink. It is getting more acidic because of the large amount of carbon dioxide 
being released into the atmosphere, thus absorbed by the ocean (Figure C2a.6).

When carbon dioxide (CO2) dissolves in the ocean, it reacts with water molecules H2O to form carbonic acid 
H2CO3:

CO2  + H2O ↔ H2CO3

This reaction is reversible, but if the amount of CO2 is too high, it occurs predominantly in the direction that 
produces H2CO3, which is exactly what is happening in today’s ocean.

The H2CO3 then naturally dissociates into hydrogen ions (H+) and bicarbonate ions (HCO3
-), making the ocean 

more acidic (due to the increased concentration of H+ ions):

H2CO3  ↔ H+ + HCO3
-

This reaction leads to the process known as ocean acidification, which has strong implications to marine 
organisms with exoskeletons or shells made of calcium carbonate (CaCO3). These organisms’ CaCO3 are 
formed by combining the calcium (Ca2+) and carbonate ions (CO3

2-) from the ocean water:

Ca2++ CO3
2- ↔ CaCO3

However, in an acidic ocean where free H+ ions are available, the CO3
2- ions will preferentially associate with 

the H+ ions rather than the Ca2+ ions, preventing CaCO3, thus the marine organisms’ skeletons or shells, from 
being produced.

If the amount of H+ ions in the ocean is too high, there may be insufficient Ca2+ ions to bind with. This may 
cause the dissociation of CaCO3 molecules of the existing shells and skeletons, resulting in a significant 
impact on marine biodiversity.

Since the Industrial Revolution, the ocean’s pH has declined from 8.2 to 8.1 units, with a significant acceleration 
in recent years. It may not sound like much, but we must note that pH is in an inverted logarithmic scale;  
ie. a pH 7 solution is ten times more acidic than a pH 8 solution. The ocean is now 30% more acidic than in  
pre-industrial time. It has been estimated that if no measures are taken to control our CO2 emissions (ie. under 
the RCP8.5 scenario), ocean acidification would intensify, with the ocean pH declining by a further 0.3 units 
by the end of this century.
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Loss of Biodiversity

The ocean covers around 70% of the Earth’s surface, forming the largest habitat on our planet. The coastal 
areas surrounding the ocean basins are also home to some of the world’s most diverse and productive 
communities, such as coral reefs and mangroves.

In a marine ecosystem, primary producers, such as phytoplankton, acquire their energy from sunlight and 
inorganic materials. They form the basis of the food chain. This food chain is affected by ocean warming in 
various ways.

The phytoplankton, fish and marine mammals are directly affected by the warming, migrating towards the 
poles at rates up to several tens of kilometres per decade. In the Arctic, as the warm season gets longer and 
more water is ice-free, many species are extending their seasonal activities and changing their behaviour. The 
net primary production in the Arctic increases, despite the overall decline in the world.

As a result of ocean warming and freshwater input from melting of continental ice, the ocean’s surface waters 
are increasingly less dense than deeper waters, resulting in density stratification. This increased density 
contract inhibits the replenishment of oxygen and nutrients from subsurface waters. In the long run, the 
surface waters (upper 200 m of the ocean) will become deoxygenated and nutrient-depleted, affecting regional 
phytoplankton production. By 2100, ocean warming and the decline in primary production are estimated to 
cause a 15% reduction in global biomass of all marine organisms from their 1990s levels.

In coastal areas, wetlands, coral reefs and other coastal communities are experiencing increasing pressure 
from human activity, ocean warming, sea level rise, ocean acidification, marine heatwaves and extreme 
weather events. Since the 19th century, approximately 50% of coastal wetlands, which are important carbon 
sinks, have been lost.

Illustration C2a.2 - A Beautiful Home of a Thousand of Species, the World Heritage Great Barrier Reef is Threatened  
 by Global Warming

Illustration C2a.3 - Corals are very Sensitive to Water Changes. A Small Variation can Cause their Death, Colors Fade Away and they Become  
 White this is Known as “Coral Bleaching” Phenomenon

Large-scale coral bleaching events have been increasing in frequency, causing significant degradation since 
1997. Coral reefs are associated with some 25% of the world’s marine species. They are very sensitive to 
small changes in the ocean conditions, such as temperatures and acidity. When ocean temperatures change, 
corals expel the symbiotic algae living in their tissues, which is not only providing oxygen and nutrients, but 
also responsible for colour. Prolonged unfavourable conditions (eg. an increase in ocean temperature for 
several weeks) can lead to bleaching, which turns the corals white. If the bleaching continues, the corals 
eventually die. It has been estimated that some 30% of the world’s corals have been lost today, and that about 
70–90% will be lost in a 1.5°C warming scenario and 99% in a 2°C warming scenario.
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Plastics: Definition, History and Chemical Properties

Christelle Not 
Department of Earth Sciences and Swire Institute of Marine Science, The University of Hong Kong

History of Plastic  

Plastic is a relatively new material. The first syntheses of plastic happened in the late 19th century with the 
elaboration of a semi-synthetic plastic called celluloid, which was used to replace ivory in chess games or 
billiard balls. Later, in the first part of the 20th century other types of plastic were developed. These plastics 
are mostly synthetic material, which means that they can’t be found in nature and need to be fabricated. They 
are made of long molecules derived from petroleum. In the middle of the 20th century, during World War II, 
natural materials (wood, stone, metals, glass) used to produce goods became more difficult to access and 
plastic material started to be used to replace natural material. It marked the start of the industrial production of 
plastic resin. The commodity of plastics due to its lightweight, resistance and durability has been increasing its 
demand since then. In 1950, 2 million tons of plastic resins were produced. In 2018, this figure has increased 
to more than 400 million tons. More than half of all plastic resins produced since 2015 have been produced 
in the past ten years.

C3a

Illustration C3a.1 - All Plastic Materials Come from Petroleum, one of our Planet Fossil Fuels

What is Plastic  

Plastics or plastic polymers are made of a combination of synthetic small molecules called monomers, which 
contain a chain of purely carbon atoms or a mixture of carbon atoms with some oxygen, nitrogen or sulfur. 
For example, Ethylene and propylene are two different monomers. This combination of monomers forms the 
backbone of the plastic polymer and the different molecular groups influence the properties of the plastic 
polymers. There are two main types of plastic polymers, depending on their capacity to be molted only 
once or again and again. The first ones are called thermosetting polymers, whereas the second ones are 
called thermoplastics. Thermoplastics are the most common type of plastic polymer produced for commodity 
goods. 

Polyethylene (PE) supermarket bag
 High density polyethylene (HDPE ) detergent bottle, molded plastic cases
 Low density polyethylene (LDPE) outdoor furniture, shower curtains
 Poly ethylene terephthalate (PET) plastic bottles, food jar, plastic film
Polystyrene (PS) plastic tableware
 Expanded Polystyrene (EPS) foam food containers
Polypropylene (PP) bottle caps, straws, appliances
Polyvinyl chloride (PVC) 
Polyamides (PA) or nylon clothes, toothbrush, fishing lines
Polycarbonates (PC) security windows, traffic lights
Polyester (PES) textiles

            Plastic polymers                                         Usage

Figure C3a.1 - A Summary of the Most Common Type of Plastic Polymer and its usage

Illustration C3a.2 - Nowadays, Consumer Goods are Mainly Made out of Plastics
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Figure C3a.2 - Resin Identification Code (RIC) Developed in 1988 (Source) 

Additives/Plastic Additives/ Plasticizers

In addition to the combination of monomers, which compose approximately 90% of the mass of plastic, 
additives are added. Additives or plastic additives or plasticizers are chemicals added to the polymer to 
change plastic properties like its hardness, its color etc. Pure plastics have low toxicity due to their insolubility 
in water and are mostly biochemically inert, however some of the additives are toxic. The most well-known 
example of plastic additives are phthalates that are often added to brittle plastics like polyvinyl chloride to 
make them pliable enough for use in food packaging, toys, and many other items. Phthalates have been 
found to leach out of the plastic leading to a toxicological threat for users. 

Chemical Properties

Plastic polymers are particularly long molecules in comparison to other chemical compounds. The size of the 
molecules combined with their physical state and their structure give them their resistance and their capacity 
to be molded and shaped. The combination of the long polymer and additives make plastics very resistant 
and therefore the management of plastic waste is an important issue. In opposition to natural material, most 
plastics can’t be easily degraded by natural processes, therefore a resin identification code (RIC) system was 
developed in 1988 (Figure C3a.2). 

The Disposable Culture and Challenges with Recycling

Tracey Read, CEO and Co-founder and Dana Winograd, Director Operations and Co-founder
Plastic Free Seas

Introduction  

The idea of discarding resources after a single use is a relatively new habit. Our grandparents and great-
grandparents lived in an era of durable goods, frugality, conserving resources, making do, reusing and doing 
without. Lifestyles of convenience, on-the-go eating and drinking, fast food, cheap consumer goods, trinkets 
and knick-knacks were not standard practices then and have only become commonplace in more recent 
times. 

To accommodate this new style of disposable culture we need only look at the global production and 
consumption of plastic. In 1964 production of plastic was at 15 million tonnes, in 1987 it was 100 million 
tonnes and as of 2020 it had reached 367 million tonnes. According to estimates, it will double again over the 
next 20 years. As we are all too aware, along with this increased production of plastic, we have also seen an 
increase in plastic pollution. 

Figure C3b.1 - The Rising Amounts of Global Plastic Production (Source)

About 40% of the plastic produced will be used for packaging; most of this will be used once and for a short 
period of time. Plastic packaging is encountered by almost everyone daily. Unfortunately, only 14% of plastic 
packaging is collected globally for recycling and only 2% of this is effectively recycled (Source) so we cannot 
rely on recycling as an excuse for using single-use plastic packaging (SUP). 

Tackling plastic pollution and reducing the amount of single-use plastic used will require government regulation, 
business innovation and individual action.

 C3b
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Illustration C3b.1 - Unconsidered and Excessive Use of Disposable/Single-use Items, Combined with Poor/ 
 Irresponsible Behavior Lead to a Devastating “Disposable” Culture

Single-use Plastic Items Removed From a Beach Clean-up (Plastic Free Seas) 

What is a Disposable Culture?

A disposable culture, also referred to as a throw-away society, is a result of consumerism, overconsumption, 
and excessive production of single-use products. It prioritises quantity over quality and perpetuates the  
make-take-waste economy. It doesn’t take into consideration the cost of disposal, nor the problems associated 
with it. A disposable culture is not sustainable.

Single-use Plastic Production, Use and Disposal

The production of single-use plastic is largely reliant on fossil fuel which is a non-renewable resource. It is 
known that throughout the entire system – extraction, transport, processing, manufacture, use and end of 
life – there are environmental, health and societal costs associated with plastic, including a negative impact on 
climate change. Due to the increasing volume of single-use plastics, the current systems of waste management 
cannot handle the massive amounts, even in the best systems. In 2015, 32% of plastic packages globally 
leaked into the environment. As the usage volumes increase, leakage is also expected to increase. 

Figure C3b.2 - Global Flow of Plastic Packaging Waste, 2015 (Source: World Economic Forum, 2016)

Why Can’t We Rely on Recycling to Solve the Problem?
 
Only 9% (Source) of the 8.3 billion tonnes of plastic produced worldwide has even been recycled!

Recycling is a business like any other. Plastic doesn’t just ‘get recycled’ because it is the right thing to do. It 
needs to be economically viable to sort and process the plastic to enable it to be recycled in what is often a 
complex process.  When the price of oil is very low it means the cost of virgin plastic is also low which results 
in a reduced demand for recycled plastic resin.  

There are several factors that can reduce the likelihood of plastics being recycled. These include: 
• contaminated or dirty plastic (which is particularly a problem with plastic packaging associated with food 

and beverage)
• mixed types of plastics as different polymers cannot be recycled together
• insufficient volume of a single type of plastic to make it feasible to process or export
• no market/end use for the recycled plastic
• low cost of virgin plastic
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If we take the Polyethylene Terephthalate (PET) beverage bottle as an example, we can see how recycling can 
be problematic.   The bottle, label and cap are different types of plastic. The inks and adhesives on the labels 
can affect the recycled material, as can certain chemicals and barriers used in the plastic. But when planned 
properly  during the design phase, with ‘Design for Recycling’ in mind, the chances that the product will be 
effectively recycled  can be dramatically improved. In addition, there needs to be a robust system of collection 
and processing in place.

To make a plastic beverage bottle that is optimal for recycling, these factors (Source) need to be considered:

Colour of the bottle:
Clear PET (polyethylene terephthalate) is preferred as it has the highest value and the greatest demand, and 
when collected properly the rPET (recycled PET) may be used to make new PET bottles. For these reasons, 
Swire Coca Cola announced in 2019 that they are switching from their iconic green colour Sprite bottle to 
a clear bottle. This will make the bottles easier to recycle and process, and will increase the volume of clear 
rPET in the market.

Type of plastic used for components (caps, closures and labels):
To ensure that the bottle material can be separated out from its components, specific types of plastic should 
be used. Polypropylene or polyethylene components should be used with a PET bottle as they will float while 
PET will sink in a sink/float method of separation. Polyvinyl chloride (PVC) labels should not be used as it 
affects the quality of the recycled PET.
   

Figure C3b.3 - The Different Types of Disposable Plastic (Source: Plastic Free Seas)

Mixed Plastic Bales Ready for Processing or Export (Plastic Free Seas)

Mixed Plastic Bales Ready for Processing or Export (Plastic Free Seas)

If we look at the recycling system in Hong Kong, there are a number of collection facilities but limited processing 
plants. Most of the plastic that is collected and baled in Hong Kong is exported to other countries for further 
processing. China used to take most of Hong Kong’s plastic (and half of the world’s) for recycling but due to 
massive pollution caused by contaminated materials being imported and the associated health impacts to 
their people, communities and the environment, the Chinese Government stopped all imports of unsorted and 
non-processed plastic waste, along with other waste materials. These policies, known as Operation Green 
Fence and China National Sword, were introduced in 2013 and 2018 respectively. Hong Kong does have a 
few recycling facilities that turn waste plastic into flakes or produce recycled plastic pellets, but there is little 
industry within Hong Kong to use that recycled plastic for remanufacturing into new products. The flakes or 
pellets produced in Hong Kong are mainly exported to other countries for use in their manufacturing industries.

Recycling rates in HK have historically been low and people are confused as to what they can and cannot 
recycle, and where. Some single-use plastic packaging has no information to indicate the type of plastic used 
which makes it difficult for the consumer to know whether it can be recycled. There is also a distrust in the 
system, and many people do not believe that recycling actually happens. It does, but a lot of factors impact 
whether or not materials get recycled.
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What Are the Solutions Being Adopted?

As an Individual:

Reducing the amount of single-use plastic that needs to be managed is the number one priority. Individual 
choices make a significant impact on the amount of plastic that is used within our daily lives. There are 
very simple behaviour switches that can easily become habits such as choosing reusable items instead of 
disposable plastic: reusable bags, bottles, containers for food and snacks, cutlery, straws, cups and even 
personal care products like washable, reusable women’s menstrual products and reusable metal razors.

Illustration C3b.2 - To Reduce the Prevalence of Single-use Disposable Products, Replacing them by Reusable Items is Part of the Solution

Shopping Trolley and Plastic Packaging All Found on the Beach (Separately) in Hong Kong (Plastic Free Seas) Reuse is Important, but Bags are Still Finding Their Way into the Environment (Plastic Free Seas)

Refusing single-use is also an important solution for avoiding plastic waste. Say no to unnecessary plastics 
like straws, single-serve packaged food or products, and buy produce in bulk or unpackaged.

As a Company:

There are options for companies to sell their goods without creating plastic waste. This could be through 
alternative delivery systems such as offering unpackaged products from bulk dispensers or bags, or take 
back systems for packaging that is collected after use then cleaned, refilled and reused.  

A great example of a company making a small change in the way they do business is global food delivery 
service Deliveroo. They made a simple change in their online ordering system, requiring customers to ‘opt-in’ 
for plastic cutlery, resulting in 91% of their meals being delivered without cutlery in the UK. This change has 
been subsequently implemented in other regions, including Hong Kong.

Wet markets have always been an opportunity to shop in Hong Kong without an excessive amount of 
packaging, and ‘zero waste’ shops are becoming more common. Some supermarkets are also providing refill 
systems for certain products such as laundry detergents, soaps and dry foods. 

New companies are entering the market to promote a sustainable reuse culture. One company is focusing on 
reducing single-use coffee cups by offering a deposit system utilising RFID technology. 

As a Government:

Since 2018, more than 127 countries (Source) have introduced a restriction on the use/production/importation 
of particular single-use plastics such as plastic bags, cutlery, straws and foamed dining ware. This is in the 
forms of bans, extended producer responsibility (EPR) or taxes/levies. Governments can also legislate on 
packaging requirements such as the amount of recycled plastic that must be used in products.  This helps 
to stimulate the recycling industry and the demand for recycled plastic. Governments can also use taxes on 
single-use plastic to incentivise businesses to seek alternatives. Some Governments are also responsible for 
implementing or regulating deposit return systems to enable the effective return of containers for recycling.  

In Hong Kong we have a number of Producer Responsibility Schemes (PRS) in force. In 2009 the PRS on 
plastic shopping bags was introduced, which applied a 50c levy per plastic bag on customers. Since then 
there has been a PRS on waste electrical and electronic equipment (WEEE), and the necessary steps have 
been put in place to introduce as PRS on glass bottles. The government is working on the next PRS which 
will cover plastic beverage containers.
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Moving from a Linear Economy to a Circular Economy

A linear economy follows a take-make-waste approach, with little or no concern about the end disposal 
of a product. This results in a lot of plastic waste that needs to be managed, resources being lost and the 
burden of cost for the disposal of plastic falling on consumers and cities. The linear economy promotes the 
disposable culture and throwaway mentality.  

Figure C3b.4 - From a Linear to a Circular Economy (Source: Government of Netherlands)

In contrast, a circular economy approach keeps resources within the system for reuse, encourages products 
to be durable and manufactured so they can be repaired easily and not thrown away, and at the end-of-
life stage, the materials can be recycled. The Ellen MacArthur Foundation published a strategy (Source) for 
moving towards a circular economy. One recommendation was for a radical overhaul in the design of 30% of 
single-use plastic packaging to enable it to be effectively captured and recycled or reused.

Figure C3b.5 - Plastic Packaging Segments that Need Fundamental Redesign and Innovation (Source: New Plastics Economy Initiative Analysis 
 (see  Appendix in: Word Economic Forum and Helen MacArthur Foundation, The New Plastics Economy – Catalysing Action (2017) 
 for details)

We are facing a global challenge with our current systems of delivering goods to people. The rapid increase 
over the past 70 years in the use of single-use disposable plastic and the convenience that the modern world 
has become accustomed to has resulted in significant health and environmental problems. Plastic pollution 
has proliferated in all corners of the planet and unless we all work together to reduce the amount of single-use 
plastic through individual actions, corporate practices and government regulation we will continue to suffer 
the consequences of our disposable culture. There are pathways forward that we can all choose to support 
which will enable a reduction of single-use plastic by prioritising reuse systems and actions, and ensure that 
the plastic we do use is effectively recycled. 
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Macro and Micro Plastics in the Environment

Theresa Wing Ling Lam and Lincoln Fok 
Education University of Hong Kong

Introduction  

The extensive consumption and mismanagement of plastic has resulted in a ubiquitous presence of plastic 
debris in the environment. Due to its lightweight and durable properties, plastic debris can be transported 
over long distances, and distribute and accumulate on shorelines, in coastal waters and in the open ocean. 
Exposed to the elements, plastic slowly breaks down into smaller pieces. When plastic debris is less than  
5 mm in diameter, it also becomes not readily observable to the naked eye. This small plastic debris is called 
‘microplastic’, which poses an even more serious threat to the environment relative to its larger counterparts 
(Arthur et al., 2009). To evaluate the risk posed by plastic debris, it is crucial to understand its  amount, or 
abundance, in the environment. Here, plastic debris is broadly divided into macroplastics (> 5 mm diameter) 
and microplastics (< 5 mm).

Illustration C3c.1 - Under Physical and Chemical Stress, Plastics Become Brittle and Gradually Break Down into Microplastics

C3c

Figure C3c.1 - Sources and Movement of Plastic Debris in the Environment (Adapted from Ryan et al. 2009). Monitoring the Abundance of Plastic  
 Debris in the Marine Environment

Macroplastics in the Environment

Plastic dominates marine litter (Galgani et al., 2015). Plastic reaches the marine environment when carried by 
a river, blown by the wind, is left behind by beach users, or is inadvertently lost in municipal waste handling 
(Figure C3c.1). Plastic also enters the sea because of the aquaculture industry, maritime activities, recreational 
fishing and boating (Derraik, 2002). Common plastics, including expanded polystyrene (EPS), polypropylene 
(PP) and polyethylene (PE), are less dense than seawater and buoy on the sea surface. Floating plastics can 
therefore be transported across the world’s oceans by surface currents and prevailing winds, contaminating 
remote regions such as the Antarctic (Barnes et al., 2010) and Arctic Islands (Cózar et al., 2017). In contrast, 
plastics denser than seawater, such as polyethylene terephthalate (PET) and polyvinyl chloride (PVC), will sink 
and end up in sediment.

Sea Surface

At a global level, it was estimated that almost 400 billion pieces of macroplastics weighing 233,400 tons are 
currently floating on the sea surface (Eriksen et al., 2014). Each year, between 1.15 and 2.41 million tons 
of plastic debris is discharged by rivers into the world’s oceans (Lebreton et al., 2017). Numerous studies 
have reported the abundance of floating macroplastics in different geographical areas, with considerable 
variability. In the Mediterranean Sea, a highly contaminated region, plastic debris including bottles, packaging 
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and shopping bags were found (Suaria & Aliani, 2014). In 2015, the concentration of macroplastics in the 
Mediterranean Sea was 315,009 items/km2 (Zeri et al., 2018), which was nearly 2.5-fold greater than that 
recorded in 2012 (129,682 items/km2) (Faure et al., 2015), whilst macroplastics were found at a lower 
concentration in open ocean such as the South Pacific subtropical gyre (2,399 items/km2) (Eriksen et al., 
2013). Furthermore, Hong Kong’s coastal waters were also severely polluted by floating macroplastics at a 
density of 104,485 items/km2 (Cheung et al., 2018).

Shoreline

Macroplastic debris can be washed ashore and accumulate on shorelines. Plastic debris is now evident on 
beaches worldwide. Generally, the loads of macroplastics increase with closer proximity to urban areas. High 
concentrations of up to 544.6 items/m2 were observed on the beaches of Hong Kong (Zurcher, 2009). Levels 
of macroplastics on Hong Kong beaches are around 3 to 14 times higher than other areas in the world, for 
example, Guangdong in  Southern China (163 items/m2) and South Korea (37.7 items/m2) (Fok et al., 2017; 
Lee et al., 2015). Traditionally, macroplastic studies were focused on accumulation along the strandline. 
However, recent evidence suggested that higher levels of macroplastic could occur along the backshore 
and recognized the backshores as a major terrestrial storage for plastics (Lee et al., 2015; Olivelli et al., 
2020). Styrofoam was commonly found on beaches and constituted the majority of large plastic debris. For 
example, over 75% of the macroplastics on Guangdong’s and South Korea’s beaches were styrofoam. The 
predominance of foamed plastic was mainly related to the prevalence of disposable foam containers for food 
delivery (Cheung et al., 2018; Fok et al., 2017; Lee et al., 2015).

Deep Sea

Plastic eventually sinks into the deep sea and is stored in sediment. Plastic debris is observed in the deep 
sea with increasing frequency. A 33-year dataset of deep-sea marine debris in the Pacific, Atlantic and Indian 
Oceans, found that macroplastics accounted for 32.6% of marine debris, with disposable plastic constituting 
almost 90% of the total plastic debris found. Macroplastics were also observed at depths greater than 1,000 
m, including the Mariana Trench (10,898 m) in the western North Pacific Ocean (Chiba et al., 2018). In 
addition, a study found that 47% of debris on the Arctic seafloor was plastic, and that the abundance of 
plastic debris on the Arctic Ocean floor over the 12-year study period was increasing (Tekman et al., 2017). 
Although deep-sea plastic does not directly affect ordinary people, it can persist longer than in shallower areas 
under zero-sunlight and low-temperature conditions (Andrady, 2015).

Microplastics in the Environment

The occurrence of microplastics in the environment has been attracting significant concern since their 
detection in the 1970s (Carpenter & Smith, 1972). Microplastics are divided into two categories. Primary 
microplastics are those directly manufactured for commercial and industrial use, such as face scrub, whilst 
secondary microplastics are irregular shaped particles fragmented from larger plastic (Andrady, 2011). Similar 
to macroplastics, microplastics are widespread in the marine environment and their amount increases with 
decreasing size.

Sea Surface

The abundance of microplastics floating on the sea surface varied greatly, ranging from 2,985 items/m3 in the 
Yangtze Estuary, China to 0.028 items/m3 in the Tamar Estuary, England (Sadri & Thompson, 2014; Zhao et 
al., 2014). Lower abundance of microplastics of less than 1 item/m were also reported in Arctic waters, the 
Atlantic Ocean, the Mediterranean Sea, the East China Sea, the Bohai Sea and the western coastal waters of 
South Korea (Figure C3c.2) (Chae et al., 2015; de Lucia et al., 2014; Do Sul et al., 2014; Lusher et al., 2015; Illustration C3c.2 - Beaches along the Coast of Guangdong and Hong Kong are Identified as Hotspots for Micro Plastic Pollution

Zhang et al., 2017; Zhao et al., 2014). Floating microplastics were commonly found in size smaller than 1mm. 
For example, small microplastics < 1mm accounted for over 60% of the total count in the Yangtze and Oujiang 
Estuaries in China (Zhao et al., 2015; Zhao et al., 2014). Locally, an increasing trend in floating microplastic 
concentrations has been observed in the marine waters of Hong Kong. A concentration of 2.936 items/m3 
was recorded in the dry season of 2018 (Greenpeace, 2019), which was over 11 times higher than that of 
2015 (0.256 items/m3) (Cheung et al., 2018). The Deep Bay, Victoria and Tolo Harbours in Hong Kong have 
been found to be polluted by microplastics (Tsang et al., 2017).

Figure C3c.2 - Abundances of Floating Microplastics in Surface Water Observed Around the World in the Past 10 Years

Shoreline

Beaches are long-term reservoirs for microplastics. Microplastics on beaches can either be washed ashore or 
fragmented from large plastic debris because of high temperatures due to direct sunlight exposure. Beaches 
located along the coasts of Guangdong and Hong Kong were identified as hotspots of microplastic pollution 
with concentrations of over 5,500 items/m2 (Fok & Cheung, 2015; Fok et al., 2017), which were at least 6 
times greater than beaches in South Korea and Portuguese coast (Antunes et al., 2018; Lee et al., 2015), 
almost 58 times higher than that in the Xialiao Beach in Taiwan (Bancin et al., 2019), and around 110 times 
higher than those in the Northern Gulf of Mexico and Southern coast of India (Karthik et al., 2018; Wessel et 
al., 2016) (Figure C3c.3). Microplastics on beaches are often associated with the high level of maricultural, 
recreational and tourism activities. Their existence can be due to the weathering of plastic litter, such as fishing 
gear and plastic bags, previously left by beachgoers (Retama et al., 2016; Zhou et al., 2018).
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Figure C3c.3 - Abundances of Microplastic on Beaches Observed Around the World in the Past 10 years

Deep Sea

In recent years, microplastic pollution has been found on deep-sea floors of the Mediterranean Sea, the 
Pacific, Arctic, Indian and Atlantic Oceans (Bergmann et al., 2017; Jamieson et al., 2019; Taylor et al., 2016; 
Van Cauwenberghe et al., 2013). Microplastics have been detected at water depths from 300 to 3,500 
m (Woodall et al., 2014), and in body tissues of organisms living between depths of 6,900 and 10,890 m 
(Jamieson et al., 2019), showing that microplastics accumulate and affect organisms.

Conclusion

Macro and microplastics are widespread in the world’s environment, from surface water to the deep-sea. 
They are a threat to the environment as they can persist for hundreds of years and can continue to cause 
harm to organisms. Thus, there is an urgent need to reduce the use of plastic, which is the root cause of this 
type of pollution.

Impact on Ecosystem and Human Health  
(Food Chain, Endocrine Disruptor)

Dr. Laura Agusto
Senior Project Manager, A Plastic Ocean Foundation

Did You Know that Microplastics can Affect your Health?  

Water borne chemicals from decades of industry and agriculture stick to the rough surfaces of microplastics 
as easily as two magnets stick to each other. 

Marine animals can however easily mistake these small chemically infused plastic pieces for food! When fish 
eat microplastics, the chemicals are released from the plastic fragments and into the bloodstream and stored 
in the fatty tissues of fish. It so happens that the main part of the fish we eat is the fatty tissue! So as these 
chemicals enter the food chain, through the fish, they eventually end up in our own bodies. Different types of 
plastics can attract toxins at different rates making some more powerful than others. These toxins have been 
linked to a range of different diseases like cancer, autoimmune diseases, cognitive problems, infertility and 
endocrine disruption. 

Plastic never degrades or breaks down; it only breaks up. Once plastic is made, it will stay on our planet 
almost forever.  The rate at which plastic breaks up into microplastics pieces in our oceans depends on 
several factors such as the chemical materials the plastic is made of and the surrounding environment such 
as the presence of salt, water temperature, light intensity, etc. 

Illustration C3d.1 - Eventually, Accumulating along the Food Chain, the Micro Plastic Pollution Reaches Humans and Ends Up in our Bodies

C3d
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Illustration C3d.2 - Our Diet, In Hong Kong and Elsewhere, is Already Tainted with Microplastics

Because we as humans are at the top of the food chain, and seafood is known to contain high levels of 
microplastics, there is no doubt that we are exposed to high levels of microplastics. Recently microplastic 
pieces were even found in human stool samples and placenta! Besides seafood, microplastics have also been 
found in all kinds of products like salt, beer and bottled water. 

Microplastics can end up in our bodies if we directly eat or drink them or if they are present in the food chain. 
A food chain is a network of food-connections starting at primary producers, like plants and algae, and ending 
at top predators, like sharks or us. Microplastics enter the food chain when animals ingest them. Plastics and 
microplastics have been found in marine mammals, fish, invertebrates, fish-eating birds and humans.

In our oceans the food chain usually starts at small creatures like zooplankton, microscopic ocean animals, 
which are eaten by bigger creatures like cod and tuna, and which are eventually eaten by us! When microplastics 
float around in our oceans, zooplankton and fish will mistakenly eat those microplastic pieces because they 
resemble their natural food or because they float around in between their food sources. When we eat seafood, 
microplastics will end up in our bodies.

Microplastics can be harmful to animals and ourselves for two reasons. Firstly, the pieces of plastics themselves 
cause several physical problems. When animals ingest them, they can block the digestive system and will cause 
the animal to perish. If the animal’s stomach is filled with plastic pieces, it can also give a false sense of fullness 
causing the animal eventually to starve. Secondly the chemicals that are adsorbed by microplastics can affect 
essential body functions. These plastic pieces are known carriers of toxic chemicals. They can carry a range 
of environmental contaminants and other chemicals that are added during their manufacturing process.  Also, 
the pitted and rough surface of microplastics can act as an absorbent for pollutants such as styrene, toxic 
metals, phthalates, bisphenol A, polychlorinated biphenyls, and polycyclic aromatic hydrocarbons. When 
these microplastic pieces are ingested, these chemical additives and pollutants can be transferred to animal 
tissue, like the fatty tissue of fish which we love to eat. Once in the body and bloodstream these chemicals 
and pollutants can interfere with key body functions. These toxins have been linked with cancer, autoimmune 
disease, cognitive problems, infertility and endocrine disruption. So, when we eat for example fish or mussels 
and clams that have ingested microplastics, the toxins that stick to these microplastic pieces inevitably end 
up in our bodies.

Please scan the QR code or click here for Part C further information and references.

An investigation by Greenpeace revealed that microplastics can be found in the seafood that Hong Kong 
people are likely to consume such as oysters, mussels, blue-finned tuna and more. what might be even more 
alarming is that we can also be exposed to microplastics not only through ingestion from our diet but also 
through inhalation from the environment. Wind can carry microplastics across the world! 

So far there is a lot of research still to be done on the effects of microplastics on animals and human health. 
One particle of microplastics and the toxic chemicals that reside on it may have a very small effect, however 
if we are exposed to even low amounts of microplastics for many years this can cause chronic or lasting 
negative effects on our bodies. 
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Part D
Turning the Tide: We are Part of the Solution!

D1

Fundamental Research is Key to Future 
Innovation and Progress

Benoit Thibodeau
School of Life Sciences and Simon F.S. Li Marine Laboratory, The Chinese University of Hong Kong and 
Laeticia Allais, Coco Ka Hei Cheung, John M. Doherty, Shannon M. Hanson, Mandy Wing 
Kwan So and Yvonne Yan Yu Yau 
all of the Department of Earth Science & SWIRE Institute of Marine Science, The University of Hong Kong

Fundamental research is mostly done by academics working in higher education institutions. Their work 
focuses on the advancement of human knowledge in all sorts of fields like natural and human sciences, arts 
and medicine. However, academics are often not able to explain their research to the public and thus there 
is a misconception that fundamental research doesn’t lead to things we value such as technical innovations 
and societal progress. Here, we aim to briefly explain what fundamental research is and how it is done in order 
to demonstrate its potential role in solving critical issues that are affecting the oceans, such as pollution and 
global warming.

What is Fundamental Research?

Major environmental problems require our attention. In the marine environment, one of the best examples is the 
Great Garbage Patch located in the Pacific Ocean. In order to solve this problem, we first need to understand 
it: where does the plastic come from, why does it accumulate there, is it dangerous for the fish and other 
marine life? To answer these complex questions, we need to gather fundamental information about the ocean 
and how it moves, about the marine food web and about the toxicity of the different types of plastics and the 
chemicals that compose them. This knowledge is usually gained through what is called fundamental research.

Because fundamental research tackles questions that often have no direct application, one can gain the false 
impression that this type of research is less useful for society than what we refer to as “applied research”. This 
perception originates from the fact that results from fundamental research are more difficult to communicate 
to society, as they mostly deal with the hidden underlying mechanisms responsible for driving larger natural 
phenomena. For example, the discovery of the rate at which ammonium is transformed to nitrite in the 
bottom waters of Hong Kong probably does not sound very exciting to you. However, this small piece of new 
knowledge, produced by fundamental research, will later be crucial, with other small pieces, to solve the larger 
problem of water quality in Hong Kong.

Figure D1.1 - Fundamental Research Piecing Together the Larger Puzzle
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How to Perform Fundamental Research

Fundamental research is often done following the scientific method. While this method can be adapted 
and modified by scientists depending on their objectives, there is a constant beginning: it all starts with a 
question. How? What? When? Why? Any type of question can lead to a scientific investigation, from “blue-
sky” questions arising solely from curiosity to questions aimed at better understanding a tangible problem. 
To answer these questions, scientists can use different techniques like field sampling, laboratory experiments 
and even computer models that mimic complex natural processes. Once the question is answered, it provides 
the community with a valuable piece of a larger puzzle, which might not be solved until several years later.

Illustration D1.1 - Fundamental Research Helps to Understand Complex Mechanisms

Outcomes of Fundamental Research

Whilst there are plenty of problems that we already know about, there are also some we have yet to discover, 
which often arise when digging into the very basics of a given system. Fundamental research is aimed at 
exploring these basics, which in turn are consistently shown to be valuable for addressing related concerns. 
Consider the example above regarding the Great Pacific Garbage Patch. We know where the garbage ends 
up precisely because of fundamental research into oceanic and atmospheric circulation. Scientists studying 
these circulation patterns did not know at the time that their discoveries would be useful for locating ocean 
pollution, but our knowledge of gyre physics proved to be critical.

More generally, consider the concept of environmental change. Have you ever wondered how scientists know 
the environment is changing? Fundamental geological research aimed at exploring past ecosystems and 
climate allow for the quantification of modern-day human impacts. These past changes further allow us to 
elucidate how various environmental systems may change in the near future, depending on the choices that 
we humans make.

Illustration D1.2 - Vaccines such as COVID19 are able to be Created Thanks to Years of Fundamental Research

Putting Pieces of the Puzzle Together

Fundamental research produces an abundance of new knowledge about all sorts of things; from the 
characterisation of basic interactions between specific elements to the discovery of new extrasolar planets. 
All this new knowledge is then available for humanity to use for tackling different challenges, big or small, 
that need to be addressed. This leads to the development of science-based solutions that are built on the 
prior knowledge accumulated by multiple generations of scientists from all across the world. Everyone will 
remember the discovery of a vaccine against COVID19, but most people will not realise that this was only 
possible because of years of mostly-unspoken fundamental research on coronaviruses and infectious-disease 
agents. Fundamental research in physical, chemical, biological and geological oceanography is the driver of 
future innovations that will allow us to tackle problems like pollution, sea-level rise and warming of the oceans. 

Ways Forward

How can we enhance the link between fundamental research and society? How can we make sure that the 
discoveries needed for future innovations are maintained in a world that always wants immediate results 
and outcomes? And how can we make sure that the public is aware of the progress made by fundamental 
research and feel more connected to it? There is a clear need to improve communication channels between 
higher education institutions like world-leading universities and stakeholders such as governments, industry 
and the public. While governments and industries need to accept that fundamental research is a long-term 
process that cannot be cut short by investing directly into more “applied” science, it is also the responsibility 
of universities to communicate their science with greater efficacy. Therefore, exchange of ideas should be 
regularly held between scientists and other stakeholders. 

Fundamental research has played a critical role in the evolution and advancement of humanity throughout 
the ages. There is no reason that it won’t continue to shape our progress in tackling the numerous important 
challenges ahead.
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D2a

Ocean Pollution Prevention 

Steven Matthew  

Government Action:  International Laws (UN) and Local Laws

Governments are responsible for enacting laws for the benefit of their societies. With increasing awareness 
in relation to environmental issues, clearly there has been increased development of laws relating to the 
environment. The world is interconnected and so whilst Governments are concerned with enacting local laws 
for the immediate benefit of their own societies, they play a broader role and have a broader responsibility 
to the planet as a whole. Therefore, Governments also collaborate for Global benefit through membership of 
international bodies such as the United Nations.

This chapter will outline how laws come into play in both the international sphere through treaties and 
conventions as well as locally within Hong Kong and will outline some common laws relating to the prevention 
of the marine environment from pollutants.

International Law: The United Nations (UN) and the International Maritime Organisation (IMO)

The United Nations (UN)

The UN is an international organisation founded in 1945 and comprises 193 Member States. Its mission is set 
out in its founding Charter.

The main bodies of the UN are the General Assembly, the Security Council, the Economic and Social Council, 
the Trusteeship Council, the International Court of Justice, and the UN Secretariat. 

Each of the Member States becomes a member of the General Assembly upon admission. A decision of the 
General Assembly upon the recommendation of the Security Council admits States to membership.

One of the main priorities of the United Nations since 1945 was to “achieve international co-operation in 
solving international problems of an economic, social, cultural, or humanitarian character…” 

The global understanding of development has changed over the years, and countries now have agreed that 
sustainable development – development that promotes prosperity and economic opportunity, greater social 
well-being, and protection of the environment – offers the best path forward for improving the lives of people 
everywhere.

The UN has in place some instruments which directly relate to the ocean environment.

For example, The United Nations Convention on the Law of the Sea (UNCLOS) covers significant issues such 
as exclusive economic zones (EEZs), continental shelf jurisdiction, navigation, transit regimes, deep seabed 
mining, scientific research, and importantly the protection of the marine environment and the settlement of 
disputes.

Part XII of UNCLOS specifically sets out provisions for the protection of the marine environment and obligates 
all States to collaborate in addition to placing special obligations on flag States in relation to the ships under 
their flags being required to adhere to international environmental regulations. Such regulations are generally 
adopted by the IMO about which we will see further below. Part XII also bestows coastal and port States with 
broadened jurisdictional rights for enforcing international environmental regulations within their territory and 
on the high seas. 

The UN is also working towards establishing an international legally binding instrument (a convention or treaty) 
in relation to the conservation and sustainable use of biodiversity beyond national jurisdiction (BBNJ). This was 
hoped to be completed by 2020. However, by decision 74/543 of 11 March, 2020, the General Assembly 
decided to postpone the fourth session of the conference to the earliest possible available date to be decided 
by the General Assembly.

Further, 17 Sustainable Development Goals have been adopted by all UN Member States in 2015, as part of 
the 2030 Agenda for Sustainable Development which set out a 15-year plan to achieve the Goals. The Goals 
are broad reaching with Goal number 14 specifically pertaining to Life Below the Water. Specific to this Goal is 
that Marine protected areas need to be effectively managed and well-resourced, and regulations need to be 
put in place to reduce overfishing, marine pollution and ocean acidification.

The International Maritime Organisation (IMO)

The IMO is the Maritime arm of the UN. Prior to the IMO being formed, international treaties had already 
been put in place relating to shipping and predominantly in relation to the safety of navigation. Some notable 
pre-IMO treaties include the International Convention for the Safety of Life at Sea of 1948 (SOLAS) and the 
International Convention for the Prevention of Pollution of the Sea by Oil of 1954 (OILPOL).

The IMO commenced operations in 1958 following recognition of the need for a permanent international 
maritime body to deal with maritime related matters following the vast increase in international trade post the 
industrial revolution of the 18th and 19th centuries.

The IMO has 174 maritime nations as members and has responsibility for ensuring that maritime related 
conventions are kept up to date in addition to the development of new conventions when required. There are 
now more than 50 international conventions and agreements which fall within the remit of the IMO.

Illustration D2a.1 - United Nations Agree Toward a Sustainable Future Linked to Oceans Preservation
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IMO Conventions

Most of the conventions adopted by the IMO fall into three main categories: maritime safety; the prevention 
of marine pollution; and with liability and compensation, especially in relation to damage caused by pollution. 

21 of the 51 instruments for the regulation of international shipping adopted by the IMO are directly environment 
related. 

So, clearly, one of the main divisions of the IMO is the Marine Environment Division. The work of this division 
is generally directed by the Marine Environment Protection Committee (MEPC) which is the IMO’s senior 
technical body on marine pollution related matters.

The MEPC originally focused on the prevention of marine pollution by oil. This furthered the original OILPOL 
(pre-IMO) resulting in the adoption of the first comprehensive antipollution convention, the International 
Convention for the Prevention of Pollution from Ships (MARPOL) in 1973 and substantially amended in 
1978. It is now commonly referred to as MARPOL 73/78. This has been amended and strengthened many 
times since and now includes a much broader view of marine pollution. Now included in the Annexes to the 
MARPOL Convention are such pollutants as chemicals, other harmful substances, garbage, sewage and now 
air pollution and emissions from ships.

Many conventions require vessels to carry certificates of compliance on board to show that they meet the 
required standards. For example, the important certificate relating to oil pollution is the International Oil 
Pollution Prevention Certificate (IOPP) Certificate under MARPOL Annexe 1. The IOPP Certificate (and many 
others relating to their own specific marine pollution risks) certifies compliance with aspects particularly 
related to preventing Oil Pollution from a vessel. The certification process seeks to ensure that vessels have 
been inspected and have met the required standards. These certificates are normally accepted as proof by 
authorities from other states that the vessel concerned has reached the required standard. However, the 
states which a vessel is visiting (the port state) may undertake its own inspections to ensure compliance and 
issue penalties in contravention of the convention and the port state’s laws if the certificate or the vessel is 
found to be deficient.

Other international instruments in the remit of the Marine Pollution Division regulate oil pollution preparedness, 
response, and co-operation (OPRC Convention and its 2000 OPRC-HNS Protocol), control of harmful  
anti-fouling systems on ships (AFS Convention), prevention of the effects of the spread of invasive harmful 
aquatic organisms carried by ships’ ballast water (BWM Convention), safe and environmentally sound recycling 
of ships (Hong Kong Convention), to name just a few.

Another important instrument for which the IMO also carries out Secretariat functions is the Convention on the 
Prevention of Marine Pollution by Dumping of Wastes and Other Matter (the London Convention). Its objective 
is to promote the effective control of all sources of marine pollution and to take all practicable steps to prevent 
pollution of the sea by dumping of wastes and other matter from vessels, aircraft and platforms and there are 
89 Countries that are signatories.

How is a Convention Enacted?

For a convention to come into existence the following procedure is followed (greatly summarised – this can 
sometimes be a very long process):

• Adopting a convention – the IMO is most closely involved in this step. Shipping and other related 
industries are discussed by Member States in the IMO’s six main bodies concerned with the adoption or 
implementation of conventions. The Marine Environment Protection Committee is the committee in which 
any Member State can raise the need for a new environmental convention or amendments to existing 
conventions.

• Entry into force – a convention must be accepted formally by a Member State. 

The adoption of a convention marks the conclusion of only the first stage of a long process. Before the 
convention comes into force and therefore binding upon Member State Governments which have ratified it, it 
needs to be formally accepted by each Member State Government individually.

There are slightly different methods upon which a Member State may become bound by a Convention ie. by 
signature, ratification, acceptance, approval and accession. But to keep things simple, they all mean that a 
Member State Government consents to being bound by the terms of a treaty.

Enforcement

It’s all good and well to make laws to be followed but, unless they are able to be enforced, what’s the point 
one might ask?

Importantly, the IMO itself has no powers to enforce conventions. It is up to individual Member State 
Governments to enforce IMO conventions to which they are a signatory. They are responsible for enforcing 
these conventions in relation to their own “flagged” vessels (ships registered in that particular country and 
hence flying the flag of that country) and set the relevant penalties when the convention is contravened. In 
addition, Member States have certain limited powers in relation to ships of other flags when present in the 
home Member State’s waters. For example, The 1969 Convention Relating to Intervention on the High Seas 
sets out the terms under which Contracting States are empowered to act against ships of other countries 
which have been involved in an accident or have been damaged on the high seas if there is a grave risk of 
oil pollution occurring as a result. This is significant because it empowers a Contracting state to enforce 
mandates against activities that have occurred outside a country’s territory. Hence the reason why these 
powers are carefully defined.

Is Enforcement Uniform Globally?
 
Many developing countries cannot yet give full and complete effect to these instruments, for various reasons. 
IMO has established an Integrated Technical Co-operation Programme (ITCP), with the sole purpose of 
assisting countries in building up their human and institutional capacities for uniform and effective compliance 
with the Organization’s regulatory framework. Assisting these countries in working towards sustainable socio-
economic development and enhancement of marine environment protection will ultimately result in cleaner 
waters and coasts, increased tourism, greater access to protein through improved and uncontaminated fish 
catches and integrated coastal zone management.

Local Law: the Laws of Hong Kong as they Relate to Marine Pollution

How are Laws Brought into Effect in HK?

The Basic Law provides the Legislative Council (LC) with the powers and functions to enact, amend or repeal 
laws in accordance with the provisions of the Basic Law and legal procedures. Below is a very shortened 
outline of some of the main steps in the process.

There are two types of Bills which may be introduced – Government Bills and Members Bills 

Prior to a bill being introduced to the LC by the Government the relevant policy bureau normally will first consult 
the parties affected by the bill and the relevant Panel of the Legislative Council, and then the Department of 
Justice (“DoJ”) will be requested to put the proposal into the form of a bill. The bill will next be submitted to the 
Executive Council. Upon approval by the Executive Council, a notice of the Government’s intention to present 
the bill will be sent to the Clerk to the Legislative Council. The bill will then be published in the Gazette and 
introduced into the Legislative Council.
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Before a Member introduces a bill, he or she may first consult the relevant parties affected by the bill and 
the relevant Panel of the Legislative Council. The Member who intends to introduce a bill is responsible for 
the drafting of the bill. A Member’s bill is required to be accompanied by a certificate issued by the Law 
Draftsman of DoJ that the bill conforms to both the form of bills according to the Rules of Procedure of the 
Legislative Council of the Hong Kong Special Administrative Region (“RoP”) and the general form of Hong 
Kong legislation. Upon receipt of the certificate, the Member may send to the Clerk to the Legislative Council 
a notice of intention to present the bill, and the bill will then be published in the Gazette and introduced into the 
Legislative Council. For a “private bill”, the Member is required to publish the bill in two successive publications 
of the Gazette and the notice of the bill is required to be advertised twice in two daily newspapers published 
in Hong Kong, one being a Chinese language newspaper and the other an English one.

After a bill has been gazetted, it has to pass through three readings in the LC before it is enacted. 

If the motion on Third Reading is passed, the bill completes its passage in the LC. After it is voted on and 
passed by the LC the Chief Executive needs to sign it and promulgate it for it to take effect which is done by 
it being published in the Gazette.

Illustration D2a.2 - Passing a Bill in Hong Kong Must Go Through a Legal Process

Some Hong Kong Legislation Relating to Marine Pollution

Some of the legislation dealing with marine pollution stems from the international conventions to which Hong 
Kong is ascribed whilst others are specifically enacted in relation to local issues. 

This will not set out in depth the actual effect of the legislation as many of these issues are considered in 
depth in other chapters of this e-book. For example, in Gary Stokes’ article entitled Illegal Fishing, Abbie Hui’s 
article entitled Shipping, and Tracey Read’s and Dana Winograd’s article entitled The Disposable Culture and 
Challenges with Recycling.

Advancing Education for Sustainable Development through  
Empowerment of Young Changemakers

Kenneth Kwok
Founder and Chief Education Officer, KIDsforSDGs

“We need to step up our support to the youth in advancing the Sustainable Development Goals (SDG) as 
we build back broader, stronger and better. Starting with ocean conservation, we need to build a platform 
and community for like-minded, passionate youth to end overfishing and plastic pollution. Then, let’s adopt a 
circular economy where the products of today provide resources of tomorrow at the prices of yesterday. The 
sky’s the limit!”
Kenneth Kwok, Founder and Chief Education Officer, KIDsforSDGs

D2b

Specifically related to the United Nations Sustainable Development Goal (SDG 14): Life Below 
Water, ocean conservation and action should not come to a halt while we tackle the pandemic. 
Educators need to look at long-term solutions for the health of our planet as a whole and communicate such 
to their students, as it is a matter of health. Indeed, the health of the ocean is intimately tied to our health. 
According to UNESCO, the ocean can be an ally against COVID-19: Bacteria found in the depths of the ocean 
are used to carry out rapid testing to detect the presence of COVID-19. And the diversity of species found in 
the ocean offers great promise for pharmaceuticals.

The pandemic offers an opportunity to revive the ocean and start building a sustainable ocean economy. 
A report by the United Nations Economic and Social Commission for Asia and the Pacific suggests that 
the temporary shutdown of activities as well as reduced human mobility and resource demands due to the 
pandemic may provide marine environments the much-needed breathing space for recovery. This is the time 
for the youth to be engaged, and education for sustainable development is the way forward.

Illustration D2b.1 - A Circular Economy Involving Ocean Preservation must be Adopted for a Sustainable Future
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For any person, the Sustainable Development Goals (“SDGs”) and its 17 goals, 169 targets and 231 indicators 
can seem overwhelming. However, the 2030 Agenda was specifically designed to show the complexity of 
sustainable development and the interconnectedness of economics, social issues and the environment. The 
SDGs are inter-related and complex, and the best method to tackle them head-on is to develop approaches 
through the intersectionality of impact, innovation and inclusion.

Youth and the 2030 Agenda for Sustainable Development 

The Innovative 2030 Agenda is intended to bolster development efforts and policies by providing a 
comprehensive and well-articulated set of goals and targets for the creation and implementation of policies 
and actions to reduce poverty, achieve peace, and promote equality, leaving no one behind. It emphasises the 
importance of integration and synergy across policies, frameworks and actions, and in doing so emphasises 
the vital role all stakeholders play in its implementation.

According to Alexander Zhang, Head of Communications for Drop In the Ocean (“DITO”) and Founder of 
Students for Science, “Bit by bit, we hope to inspire more action around the world to join in and collectively lift 
the huge burden that humankind has placed on our planet. We seek to raise awareness and inspire actions 
for sustainable development through leading community dialogues and policy suggestions to articulate the 
student’s perspective for sustainable development. At Chinese International School, DITO was founded on 
the basis of providing a platform for student work towards SDG 14. We progress towards SDG 14 through 
3 main strands of 1: Reducing carbon footprints, 2: Reducing plastic in our oceans and 3: Revitalizing urban 
environments with urban farming.”

Indeed, youth are being referred to as the “torchbearers” of the 2030 Agenda and have a pivotal role to 
play both as beneficiaries of actions and policies under the Agenda and as partners and participants in 
its implementation. Indeed, both explicitly and implicitly, the 2030 Agenda calls for the development and 
activation of sound, evidence-based youth policies and actions to ensure its full realization. Indeed, the SDGs 
are integrated, indivisible and universal, but their long-term success is largely contingent upon how well youth 
development efforts are integrated into the policies, plans and actions adopted to bring about their realization. 

Institutional and structural synergies and integration at local and national levels are essential for meeting the 
objectives embodied in the 2030 Agenda. Achievement of the Sustainable Development Goals will require 
working not only horizontally across policy sectors and frameworks, but vertically among community, local, 
national, regional and global authorities, together with civil society stakeholders, including youth. 

Illustration D2b.2 - Youth are the Ocean Torchbearers for the 2030 Agenda

Critical to the success of the 2030 Agenda is the role of young people in engaging with local and national 
government in delivering on policies and programmes on the ground; the role of public-private partnerships 
in driving the implementation of the 2030 Agenda, including financing and harnessing technology for data 
collection and utilization; and the role of youth participation in informing equitable and diverse policy design, 
implementation, monitoring and evaluation.

Why Education is Crucial to Achieving SDG 14

Humankind exploits an ocean resource (whether animal, plant or other) when we profit from it so that we can 
improve our living conditions. Sustainable exploitation is that which satisfies the needs of the present without 
compromising those of the future generation.

About 20% of the world’s coral reefs have been destroyed with no possible recovery. About 24% of the 
remaining reefs are threatened with extinction in the short-term due to human activity and 26% are threatened 
with extinction in the long term. 

Oceans cover three quarters of the Earth’s surface, contain 97% of the Earth’s water, and represent 99% of 
the living space on the planet by volume. Oceans contain 200,000 identified species, but actual numbers 
may lie in the millions, many still waiting to be discovered. “SDG 14 is extremely crucial as the ocean is the 
foundation of all life, it produces over half of the world’s oxygen while covering 72% of the Earth. We rely on 
the oceans completely, but instead of expressing our appreciation, we exploit them. Resulting in a series of 
problems, including overfishing, plastic pollution, ocean acidification, etc. We must protect the ocean so it 
can continue protecting us,” comments Megan Lau, Grade 12 student at CDNIS and student leader of the 
Global Goals Council. 

Ocean education is enhanced through scientific cooperation and knowledge at all levels, through the 
development of research capacity and through the transfer of marine technology. 

Based on the pedagogy of KIDsforSDGs, Education for Sustainable Development should follow the “6As 
Sustainable Education Framework”:
a. Available – Ensuring adequate resources and infrastructure to support the delivery of education for all.
b. Accessible – Allowing education to be physically and virtually accessible, with a focus on the marginalized.
c. Affordable – Supporting both formal and informal education and their corresponding content be made  
 economically viable.
d. Acceptable – Designing education content which is relevant, non-discriminatory, culturally appropriate  
 and of high quality.
e. Attainable – Structuring the progression of education which inspires incentivisation and mobility to pursue  
 higher learning.
f. Adaptable – Evolving both the content and the approach to education in alignment with changing societal  
 needs and conditions.

Based on this 6As Sustainable Education Framework, the following six key objectives relevant to SDG 14, 
across all age groups should be prioritized:
• Understanding threats to ocean systems such as pollution and overfishing and recognizes and can explain 
 the relative fragility of many ocean ecosystems including coral reefs and hypoxic dead zones.
• Researching the connection of many people to the sea and the life it holds, including the sea’s role as a 
 provider of food, jobs and exciting opportunities.
• Showing people the impact humanity is having on the oceans (biomass loss, acidification, pollution, etc.) 
 and the value of clean healthy oceans.
• Influencing groups that engage in unsustainable production and consumption of ocean products.
• Identifying, accessing and buying sustainably harvested marine life, eg. ecolabel certified products.
• Debating sustainable methods such as strict fishing quotas and moratoriums on species in danger of  
 extinction.
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Illustration D2b.4 - Meeting Professional Fishermen or Fish Processors will Allow Youth to Understand our Society Challenges

Illustration D2b.3 - Learning How to Swim & Be Confident is an Essential Part of the Educational Value Chain

“Only 5% of our oceans have been explored (Worldwide Boat, n.d.) and 91% of ocean species remain 
unknown (National Ocean Service, 2021). However, despite this, so much beauty has been found in its 
biodiversity. As a global community, we must continue to fight for SDG 14, preserving its beauty for future 
generations by protecting our oceans from pollution and overfishing. Moreover, in our fight for conservation, 
we must continue our efforts to mitigate the impact we’ve already made, restoring our oceans to their natural 
state whilst appreciating the beauty found whilst doing so,” says Taylor Chung, Class of 2021 Graduate from 
ESF Renaissance College and Co-Founder of Hong Kong Green School Alliance. 

Focus on different parts of the “educational value chain” of ocean conservation should be assigned depending 
on the stage of education and the age of students:
I. Early Education
 For early education, children learn what an ocean is and the creatures that live in it. They may learn how  
 to swim and be confident in the ocean environment, thereby enhancing their awareness and appreciation  
 of oceans and marine life, and respecting and taking care of the ocean environment and nature.

II. Primary Education
 For primary education, learners at this stage are introduced to ocean zones, and marine plants and  
 animals, including their habitats and behaviours. They learn to apply critical thinking skills to investigate  
 threatened or endangered species and may conduct surveys or interviews with fishermen and fish  
 processors to develop potential solutions to the challenges faced, thus developing their self-awareness  
 and bringing about behavioural change towards more sustainable practices during daily life.

Illustration D2b.5 - Skilled with Critical Thinking, Students will Conduct their Own Research Aimed to Introduce Sustainability into their Daily Lives

III. Secondary Education
 For secondary education, students see their understanding of the sustainable management of oceans,  
 seas and marine resources enhanced. They learn to apply critical thinking skills to conduct research into  
 real world challenges for the sustainable use of oceans, seas and marine resources, including primary and  
 secondary research methods, and they develop practical solutions to these challenges. This will lead them 
 to introduce sustainable ocean practices into their daily lives, while encouraging others in their immediate  
 environment to do the same.

The Time to Act is Now – Education For Sustainable Development Holds the Key

The SDGs, targets and indicators associated with the 2030 Agenda offer increased opportunities to advance 
youth development objectives in the context of social, economic and environmental sustainable development 
efforts. When coupled with strong policy frameworks for advancing youth development – incorporating both 
targeted youth policies and the mainstreaming of youth issues – the new development landscape offers 
innumerable opportunities for young people to thrive. 

From the perspective of KIDsforSDGs, for youth-related development objectives to be realized, however, much 
more is needed in terms of financial support, data collection and analysis, agreed standards of measurement, 
and targeted interventions. In the areas of education, adopting the 6As Sustainable Education Framework 
will advance progress on the achievement of the objectives set out in the 2030 Agenda and complementary 
frameworks. We are grateful to the support of the UpLink Innovation Network and Schwab Foundation of 
the World Economic Forum, UNITAR, UN SDSN Youth, Global Schools Program and Catalyst 2030 for their 
support in empowering Quality Education for All.
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D2c

Citizen Action and Community Initiatives

Isabelle Chabrat, Sous Les Dechets La Plage (SLDLP) and 
Harry Chan Tin-Ming, MH

Community Initiatives, Such as Beach Cleanups, are an Important and Additional Way to Prevent 
Plastic Pollution in the Ocean  

Indeed, when volunteers of all ages are united by a strong commitment to making a difference, they can have 
a much bigger impact by simply joining hands. It also allows a large number of citizens to witness the marine 
pollution, and encourage them to relate what they retrieve from the shores to their own consumption. In fact, 
the main message is that we will not clean the ocean, but instead there is an emergency to reduce waste at 
the source with a more eco-conscious mindset. Last, community initiatives are a great way to meet inspiring 
leaders who dedicate their time and passion to a cleaner ocean.

Preventing Plastic Pollution is Amongst the Most Efficient Way to Protect the Ocean 

Every year, 8 million metric tons of plastics enter our ocean, adding to the 150 million metric tons that are 
already there. That’s nearly dumping one garbage truck of plastic waste every minute. While terrible images 
of ocean pollution are showcased in the media, we sometimes do not think there is much we can do, and 
eventually we don’t feel directly related to it. Of course, every territory has its own rules in terms of waste 
management, recycling facilities and government laws. But our own consumption of plastic has a direct impact 
on the amount of trash that flows into the ocean. In Hong Kong for example, we consume around 6 million 
plastic bottles every day. To this we must add the millions of other single use plastic items like polystyrene 
lunch boxes, cutlery, plastic bags and food packaging just to name a few. And a massive proportion is going 
into the ocean through rivers, rain, wind or because of waste mismanagement – 80 % of the plastic pollution 
in the ocean is coming from land.

Illustration D2c.1 - Plastic Prevention and Daily Actions are the Key to a Better Future

Illustration D2c.2 - Beach Cleanup Initiatives, aside from Picking Up Plastics Scrap, can Help to Educate  
 Beach Goers about their Impact on the Environment

How Can Community Initiatives and Citizen Action Prevent this Pollution?

The Power of the Group: Beach Cleanup Initiatives
In Hong Kong, it is easy to join beach clean-up activities (check on the EPD “cleanshorelines” website, as they 
are posting regularly official beach cleanups from local associations and NGOs, like SLDLP).

SLDLP is a Hong Kong citizens’ initiative started in 2017, organizing beach cleanups events with a large 
number of volunteers. The idea of a community initiative is to demonstrate that when people of all ages 
and backgrounds come together at the same time to make a change, they have a much bigger impact. 
For example, during beach cleanup events volunteers usually remove thousands of plastic bottles and tons of 
waste in a couple of hours, just by joining forces. 

But How Does this Kind of Community Initiative Help in the Prevention of Marine Pollution?

Firstly, beach cleanups are a great way to witness how bad the problem is: large amounts of polyfoam, 
plastic bottles, fishing nets, flip flops etc… pile up on the shores of Hong Kong, and this is just a small part of 
what circulates in the ocean. Participants also find infinite small parts of micro-plastics, or small polystyrene 
balls mixed with the sand or the vegetation illustrating the fact that plastic doesn’t degrade quickly. Instead, it 
breaks down into tiny particles and microplastics.

Secondly, while they collect trash, volunteers also understand that we will not clean the ocean:  there are 
too many items and microplastics, with each tide bringing a new load of waste. Meanwhile, there is still so 
much in the ocean, sitting at the bottom. Even if the cleanup will help remove a certain amount of trash that 
can be recycled or securely sent to landfills, participants understand better that if we want to act against 
marine plastic pollution we need to act at the root cause and dramatically decrease our own consumption 
of single-use plastics. 

Indeed, the most important is to bring awareness on how this trash is related to our own consumption. 
Witnessing the damage, the amount, and showing the range of items found on the shores sends a very strong 
message to participants. SUP’s, like other types of waste, can directly flood into the sea if they are not properly 
disposed of. So that may be our own bottle we see floating in the sea or lingering on the shorelines. Especially 
since only a low percentage of plastic waste is recycled in Hong Kong, as elsewhere.

In the end, this kind of community initiative will play a major role in the prevention of marine pollution as a 
growing number of citizens will be able to understand the relation between their consumption habits and the 
consequences they can have on marine pollution. It will in turn encourage a change in habit, and a reflection 
on how to avoid SUP at home, at the office, in their own community or neighborhood. 
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Inspiring Leaders 

Another great benefit of community initiative is that volunteers will connect with other citizens that are like-
minded, and willing to move forward without waiting for industry changes or government laws. They will 
hopefully find inspiring people that are passionate and willing to share their experience, enter a group discussion 
on how to start change etc… They will also be convinced that citizens’ behaviors at a personal level can have 
a big impact on the general issue of marine pollution, by stopping the leak at the source.

Ghost nets are another example of marine pollution that affect Hong Kong waters, and high fishing zones 
in general. Ghost nets are lost or abandoned fishing nets. Those plastic nets represent a huge danger for 
the biodiversity that can get entangled – and for humans as well, as they are usually very robust and do not 
biodegrade easily. It is estimated that each year 640,000 tons of ghost nets enter the ocean.

Harry Chan Tin-Ming, MH, Claudia Chan and Hidy Yu, a group of Hong Kong scuba divers regularly dive 
in Hong Kong and other spots of Asia to remove those ghost nets (a particularly delicate and difficult task 
reserved to experienced divers). They inspire not only a whole community of scuba divers that can practice 
their passion of diving while being more responsible and being engaged in meaningful events, but also citizens 
of all boards.

Community initiatives are a way to meet leaders of great impact that will inspire a change by their 
passion and dedication.

As an example, a testimony received from a young Hong Kong child and his family (Hendrik has met Harry 
Chan during cleaning events):
“Thank you Uncle Harry for introducing our family to beach cleaning. Each of these experiences is a learning 
opportunity for everyone in our family as well as a way to help protect the natural world. After participating in 
a few of these events, we noticed that our thinking and habits were beginning to change little by little. First, 
we stopped using bottles and straws. Next, we began making gifts with recycled materials. And now, we are 
learning to make our own soap. While they may be minor, these changes are teaching us about environmental 
problems and increasing our awareness of the need to take better care of planet Earth, which is our life-
support system.

In August 2019, our son Hendrick was fortunate to win a scholarship. When asked how he would use 
the money, he replied that he wanted to produce and publish illustrated leaflets about his beach-cleaning 
experiences that might convince other children to join him in helping to save the environment. 

As parents, we were surprised and touched. We believe this would never have happened if Hendrick had 
learned about beach cleaning from a textbook or movie on the subject. As he is only 8 years old, we assumed 
that he would use the money to buy toys or visit a theme park. Moreover, we believe it could only have been 
the beach-cleaning experience that increased his awareness about saving our oceans. He sees the need to 
do something, and we see his passion and devotion.

We hope more parents and their children will participate in beach cleaning events because Children See And 
Children Do,” Hendrick’s parents.

The Path to Becoming a Responsible Citizen

A community initiative demonstrates that every little step counts, and every citizen can do his part on his own 
to prevent pollution. What if we drop our plastic bottle for a reusable bottle, or bring our reusable lunch box 
to work or school? If 7,4 million citizens do the same at the same time it could be the biggest community 
initiative ever. 

So never think that’s just ONE plastic bottle!
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D3a

The Process of Impact Innovation

Chicky Ajoy Bhavnani, Chief Executive Officer and Cesar Jung Harada, Director 
MakerBay

Introduction

Innovation has long been considered as a subject of the utmost importance in the economic world leading 
to development, growth, and competitiveness. As the world is facing major challenges, we are all looking for 
ways to collaborate more effectively to address these challenges. Environmental innovation (aka. “Impact-
innovation”), a specific form of innovation aiming at reducing the impact of products and production processes 
on the natural environment, has only recently appeared in the innovation world. Environmental innovation not 
only needs to focus on growth but also Impact.

In 2021, with global warming, in the middle of a global pandemic, on track to produce hundreds of millions 
of climate refugees by mid-century, we need to go beyond narratives of territorial dualities, and create a new 
paradigm of collaboration that accelerates innovation across disciplines.

We are one of the many actors that are contributing to change of how we do science, citizen science, 
community science as a social enterprise and go from observing a global challenge, to developing local 
solutions for it. We believe that Open Science, Open Hardware, Open Source Software, and making technology 
more inclusive will play a major role in transforming our local and global economies and ecologies. Hence it 
is imperative to formulate a simple step by step process of innovation which is inclusive and can get anyone 
and everyone started. 

And this brings us to Impact Innovation.

The Process of Innovation

What is Impact Innovation?
But what is Impact Innovation exactly? Let’s start with a simple definition attempt:

Impact Innovation is a method for a diverse group to creatively collaborate and produce innovative work that 
has a measurable impact in the real world.

To unpack this, it is helpful to explain where our approach comes from: a hybrid of Design Thinking and Theory 
of Change, at the intersection of the world of design, innovation and impact measurement.

Illustration D3a.1 - The Convergence of Three Main Axis of New Thinking can have a Great Impact on Future Sustainable Solutions

Design Thinking has become very popular in recent years, even mandatory in certain curriculums. Design 
Thinking has been distilled down to 5 steps: 1. Empathy, 2. Define, 3. Ideate, 4. Prototype, 5. Test.  
This “procedure” is often something that needs to be repeated several times, to approach the desired 
outcome, and develop the product with the right market fit. Here we need to add another step: 6. Document 
and share, that brings us closer to the scientific method and the Feynman technique. What are the pros and 
cons of Design Thinking?

 + : Inclusive, creative, fun, engaging, fast

 – : Superficial, does not produce impact, low accountability

Of course, this is a caricature, and it is only fair because most Design Thinking workshops take place with 
beginners in meeting rooms, isolated from the real-world challenges.

“Theory of Change is a specific type of methodology for planning, participation, and evaluation that is used in 
companies, philanthropy, not-for-profit and government sectors to promote social and environmental change. 
Theory of Change defines long-term goals and then maps backward to identify necessary preconditions”. It 
also has a distilled series of steps: 1. Input, 2. Activity, 3. Output, 4. Outcome, 5. Impact. What are the pros 
and cons of Theory of Change?

 + : Deep, focused on impact, high stakeholder accountability

 – : Can be exclusive (requires specialist knowledge), tedious, slow

Of course, this is a caricature, and it is only fair because Theory of change is elaborated by senior management 
of non-profit organisations, strategising and allocating resources to address complex real-world issues.
We can see clearly why these frameworks can be highly complementary if combined. What we are doing is 
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essentially inserting Design Thinking “inside” Theory of Change (the “Activity” is now “Design Thinking”).
The objective here is to have a process that is

 + : Inclusive, creative, fun, engaging, fast

 + : Deep, focused on impact, with high stakeholder accountability

What is clear is that humanity is now facing a large number of complex challenges such as climate change. 
Not a single solution will fit the diversity and complexity of our challenges, but our ambition is to elaborate 
a method with improving feedback loops, tools, and a supportive community to create locally appropriate 
solutions that can in turn contribute to a global impact. 

Innovation is challenging and satisfying at the same time. Do keep these in mind as you embark on your 
Innovation journey: 
 1. At all times do not think how will we get to the end, just trust the process and keep going
 2. No idea is small, every idea counts 
 3. Start with self, then move into the community and then the world
 4. Innovation can be done anytime anywhere
 5. Create an idea bank, encourage everyone around you to pen down every idea they have 
 6. Challenging the status quo is part of the process
 7. Think how you can drive your idea as a community 
 8. Resources are everyone in different shapes and form, don’t shy away from reaching for help

How Do We Do “Local Innovation Global Impact”?

In simple terms, innovation is the practical implementation of ideas that result in the introduction of new goods 
or services or improvement in offering goods or services. The key to innovation is getting started, while there 
are millions of ideas that could make our lives better, most of them did not even make it to paper. So always 
remember no idea is small and there is never a perfect place or time. 

The steps opposite are an iterative process to develop an innovative mindset (what can I do to change the 
situation). The iterative process helps to improve the idea and goes from output to outcome to impact. The 
simplicity of the process enables people of any age group to get started. 

The Central Idea is “What do You Care About?”

1. Input: Start with the central idea, think of something you care about and why? Identify all the available  
 resources. Very often we look at what is most obvious and readily available, although if we pay more  
 attention, we will find an abundance of resources in different shapes and forms. This should be looked at  
 as an opportunity rather than a limiting factor. For example, I may not have the right material to make  
 figurines but I do have blue tac or even cooking flour and that is a good starting point.

2. Activity: Design Thinking 

  a. Empathise (2-3 Hrs): It is important to research about the central idea to have a good  
   understanding of what is the real challenge we are trying to address, if possible, reach out to   
   the people for who are your target audience or do a role play.    
 
  b. Ideation (5-10 Mins)*: Draw your ideas (don’t worry this is not a drawing test). Draw everything  
   you want to change (Think: What can change the situation?). Start with listing individual ideas and  
   sharing with the team. If you are short of time and cannot share all the ideas, then share the best  
   and most unrealistic idea.  

  c. Define (10-15 Mins)*: Review all the ideas in your team and see how you can group and  
   potentially combine features if possible then choose one of those improved ideas. 

  d. Physical Prototype (4 Hrs to 2 Days)*: (minimum 2-3 iterations) Build a physical prototype no  
   matter how small – Build a minimum viable prototype, it allows us to check the feasibility of our  
   idea. Our mind thinks in 3D hence a physical prototype is always best to share your idea. 

    i. Resources: List down all the materials and tools you need against a budget. Gather tools  
     and materials around you. Start with what you have in the closest vicinity. 

    ii. Build: You may start with a small prototype with cardboard or paper and then build it from  
     there. With each prototype the idea gets better.

  e. Test*: Always test your idea at each stage, each iteration of the test will only make your idea  
   better. You can test yourself, in your team, your target audience and sometimes even total  
   strangers.

3. Output (Document and Share**): Take the time to measure your result against the set objectives/impact,  
 take your idea in the real world and get feedback, incorporate your relevant feedback, document the  
 process and findings at each stage especially the failures (which is what makes your work valuable). Share  
 your ideas to make the impact you wish to create.  
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5. Impact: Environmental action can take years, as James Clear has mentioned in his book Atomic Habits:  
 “We often expect progress to be linear. At the very least, we hope it will come quickly. In reality, the results  
 of our efforts are often delayed. It is not until months or years later that we realise the true value of the  
 previous work we have done. This work was not wasted. It was simply being stored. It is not until much  
 later that the full value of previous efforts is revealed.”.  It takes a long time to create an impact however  
 each small step adds up. Hence it is important to measure the output and outcome of the activities.

Figure D3a.1 - Mastering a Field

Figure D3a.2 - The Plateau of Latent Potential

4. Outcome (Reflect, Review and Repeat): Repeating an improvised version of the above steps with a  
 feedback loop (system of reflection and review) keeping in mind the objectives/impact will lead to a sustainable  
 outcome.      

*Share and be open to feedback – Share the idea as you go along the process with peers, experts. It is not 
necessary that you have to incorporate all the feedback.

**In an age of accelerating change and damage to the natural world, we must develop solutions to heal this 
natural world at an equivalent or higher rate. Or we simply won’t be able to sustain our existence, not to 
mention that of other living forms. We cannot and should not have the ambition to domesticate the entire 
universe. Hence sharing our ideas (Open Source) would help others to pick up from where we left off and 
hopefully spend less time on the same mistakes.

The key to the productivity of Impact Innovation as an action model that combines local action and global 
impact is the ability to measure and understand the impact of a given action. Impact Assessment is also 
an emerging discipline and industry. It combines qualitative and quantitative research, and that makes it a 
complex instrument. Impact Assessment is a whole other discipline, so it will be the subject of another post.

As individuals and educational institutions we should focus on developing technologies to “make the world a 
better place” it is absolutely vital to not fall into Technological Utopianism, and instead sharpen ourselves to 
be techno-critical, with advocacy and entrepreneurial propositions that are appropriate.

As a human species, we must collectively create an economy that is not designed to grow without limits, in 
an ecological world that has limits.
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The Circular Economy

Eric Swinton
Founder & CEO, V Cycle

A circular economy is a much-needed alternative for the “take, make, consume and dispose” culture. It also 
refers to a model in which we limit the exploitation and usage of our planet’s natural resources.

In a circular economy, all or part of the resources are kept in a circulatory system over the longest possible 
lifespans. The materials are often used for several purposes and returned again and again in the recycling 
loop. The ecological advantage of the circular economy is that it minimizes waste and the extraction of fossil 
fuel. 

A circular economy would change economic logic as it replaces production with sufficiency: reuse what we 
can, recycle what cannot be reused, repair what is broken, remanufacture what cannot be repaired. This 
would also lead to additional jobs created for the minority and cutting unemployment. 

The concept of the circular economy has become very popular since it was introduced by policy makers from 
China and the European Union as a solution that will allow countries, firms, and consumers to reduce harm to 
the environment and to close the loop of the product lifecycle. The circular economy aims to shift and overturn 
the current linear economy which is depleting the earth’s natural resources and causing long term damage 
to society, by limiting the environmental impact and waste of resources, as well as increasing efficiency at all 
stages of the product’s lifecycle. 

The recent warnings about global warming, plastic pollutions and scarcity of natural resources serve as an 
urgent reminder that society needs to fast track the development of a circular economy. 

The Principles of a Circular Economy

The circular economy is an economic model whose objective is to manufacture goods in a sustainable way 
and to cause less harm to the environment. The is done through limiting the consumption and waste of 
resources (raw materials, water, energy), as well as generating less waste during production.

Illustration D3b.1 - Manufacturing Goods in a More Sustainable Way Requires a New Thinking From Manufacturers

The circular economy aims to change how we view stuff. How we make it, use it, and ultimately dispose of it.  
Much of today’s economic activity can be characterised as linear. We extract materials, manufacture goods, 
use them once, then throw them away. One prime example of a linear economy model is the production 
and consumption of plastic beverage bottles.  It takes an abundance of resources (fossil fuel, crude oil, 
water, energy) to make the bottles. However, once they reach the hands of the consumers, they are used 
and disposed of within minutes.  Once they reach our landfills or oceans, they take a few thousand years to 
naturally depose. The challenge here is to keep plastic in the economy but out of the environment.

The circular economy model transforms waste into recycled raw material for product design or other uses. 
The protection of our natural habitat is the core advantage of a circular economy. It helps to reduce waste 
and the emissions of greenhouse gases, enhances, and improves recycling, and keeps raw materials in the 
loop without having to mine finite natural resources, contributing to the reduction of water and energy usages.

Another huge benefit of the circular economy is that it stimulates innovation and boosts economic growth, 
and could, in the long run, enhance the competitiveness of national companies.

In addition, the circular economy creates additional jobs for the underprivileged, cutting unemployment and 
poverty as well as reducing the social impacts of pollution and climate change.

V Cycle’s Circular Economy Model

The ease of convenience has had a great impact on the amount of waste we produce. Once you notice all the 
plastic used to wrap produce in the supermarket, the takeaway boxes from food delivery and the wall-to-wall 
shelving of disposable drink bottles, it is hard to ignore.

Unfortunately, 90% of Hong Kong’s throw-a-way bottles sit in a landfill, out of sight and out of mind. A mere 
6% is recycled or repurposed, while the other 4% can be found cluttering street corners or poisoning our 
oceans. With Hong Kong producing around 3.7 million tonnes of waste a year and 13 landfills at full capacity, 
our window for change is only getting smaller.

A Second Life for Plastics

V Cycle is putting PET bottle recycling bins around HK, where people can give their used plastic bottles to be 
recycled into reusable goods, giving these products a second life. The collected PET bottles are crushed into 
flakes and are then shipped to a processing plant in Taiwan that converts them into yarn, and the yarn waved 
into different style of fabrics to make accessories as tote bags, backpacks and umbrellas. 

Illustration D3b.2 - V Cycle Bins Collect and Transform Plastic
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We have chosen to work with local and global partners to upcycle waste and reduce the need for virgin 
materials; these brands use their existing platforms to raise awareness and support for our cause.

We must remember that recycling is only a short-term solution to redirect plastic from landfills or oceans, it is a 
way to reuse plastic that has already been made, and to reduce the demand for new plastic to be produced. 
Our long-term goal is to eradicate the use of plastic entirely, but small steps like these can lead to big change.

The Societal Aspect

Our environment impact directly affects us on a human level too, but Hong Kong’s predicament is uniquely 
distressing from the rest of the world’s. The job of recycling most of Hong Kong’s waste has fallen on the 
elderly, who are forced to rummage through waste bins to find cardboard scraps. The average waste picker 
is a woman between 60-89 years old, on a good day she earns a mere HK$24.

With little opportunity to support themselves, they are forced to labour for over 8 hours a day to afford 
their next meal. They are an integral part of Hong Kong’s ability to salvage plastics and paper for recycling, 
however, they are not provided government support nor praise for their arduous work. At their most vulnerable 
state, they are ignored by the public. We believe that the decrease in human interaction has resulted in a lack 
of care and compassion for the people around us.

Care and Compassion

At V Cycle, we have committed our time to the understanding of the working and living conditions of such 
waste pickers. We’re working to provide the basic tools and means to alleviate hardship in their work.

Through an effective circular economy, we sought to create jobs for waste pickers, too. But, instead of picking 
up waste, we want to divert their efforts to sort plastic instead. We decided that they should work in a safe 
and comfortable place. We didn’t want to overwork them. 

With our current model, all sales we make from our reusable items go back to supporting these men and 
women, hoping to provide them with a substantially higher quality of living. With 70% of waste pickers living 
alone, not only does a friendly face help brighten their day, but we are able to provide them with financial 
support.

D3c

Edward Choi, Hermia Chan and Kelly Lam 
V’air Hong Kong

Summary

The first chapter presents knowledge of the waste issue in Hong Kong, environmental impact of air travel and 
irresponsible tourism, the debate of animal entertainment, as well as the possible lifestyle changes people 
could make to alleviate the problems. The objective of this chapter is to allow students to briefly understand the 
seriousness of environmental problems caused by our unsustainable consumption habits and lifestyles. The 
chapter also recommends some easy lifestyle changes students could practice to reduce their environmental 
footprint.

The discussion in the second chapter begins with a brief summary of major waste problems in Hong Kong, 
including textile waste and plastic waste. The consequences of increased air travel and animal entertainment 
in marine parks will also be covered. Each chapter ends with two to three consumption habit changes 
recommended to alleviate the issues aforementioned: think twice before buying and throwing away clothes; 
avoid purchasing products made of microplastics; travel locally; be a responsible tourist; cut back on single-
use plastics on vacation; stop visiting marine parks that use animals for entertainment and urge the parks to 
abolish animal confinement and artificial insemination.

Responsible Citizens: 
Sustainable Consumption and Lifestyles

Sustainable Consumption: The Waste Problem in Hong Kong

Municipal solid waste has been a major issue in Hong Kong. Of all the domestic and commercial solid waste, 
textile and plastic waste has played a major role in occupying our landfills, or even causing marine pollution.

Illustration D3c.1 - Landfills in Hong Kong are Not a Long-Term Solution to the Municipal Waste Problem

Fast fashion is a worldwide issue – the industry contributes to 10% of global carbon dioxide production. It is 
estimated that the weight of textile waste dumped by Hong Kong people into landfills every day is about 1.5 
times the weight of Hong Kong’s Big Buddha, not to mention around 1.5 trillion litres of water consumed per 
year. Thanks to the cheap manufacturing cost and rapid turnover of garment use, consumers are tempted 
to buy clothes more frequently. Globalization increases the environmental cost in terms of carbon emissions, 
where 3% of garment transportation shifting from ship to air could result in 100% more carbon emissions than 
shipping alone. Also, in some developing countries where regulations regarding sewage are less stringent, the 
polluted waters can directly affect people from drinking, eating and other daily usage.

108 109



Plastic pollution is also a result of fast fashion, not to mention other industries such as food packaging and 
cosmetics. Humans have produced more than 8 billion tons of plastics, since the 1950s. Studies show that 
there is an 11-fold increase in marine pollution with microplastics in Hong Kong. Not only will these plastics 
take a long time to break down, they release tiny particles that potentially leak into lakes, rivers and oceans, 
ending up in the human food chain. Some studies have also suggested that microplastics could possibly 
leach toxic chemicals such as bisphenol A and phthalates, indirectly harming human health.

 
Minimizing Waste 

It is therefore crucial to manage our waste properly. Reduction, reuse, and proper recycling play a significant 
role in minimizing the impact of the above issues.

• Think twice before buying and throwing away clothes
As consumers, we should understand the vicious cycle of fast fashion. Fashion should be considered 
more of a functional product to fulfil daily needs, rather than a kind of entertainment. As such, we should 
actively look into the garments we currently own, and consider the necessity of buying new items. Clothes 
rental and the proper recycling process of clothes should be properly developed in the future. Supporting 
second-hand clothes and proper handling of unwanted clothes by NGOs are achievable aims for the 
general public.

• Avoid purchasing products with microplastics
Reduction in buying products with microplastics is the main goal when handling the issue. In addition 
to daily necessities products such as detergents, cosmetics and disinfectants with scrubbing agents 
containing microplastics such as polyethylene (PE) or polypropylene (PP), other goods including synthetic 
clothing and teabags also contain microplastics. It would be better to purchase and use products that are 
labelled microplastic-free and those with eco-labels and made of natural elements, such as natural fibres, 
to keep our ocean safe. Always bear in mind the big picture – only if individuals take personal action could 
this environmental issue be resolved.

Sustainable Tourism: The Environmental Impact of Air Travel

Planes, similar to other means of transportation, burn fuel and also emit greenhouse gases. Although 
numerically and currently, aviation emissions only contribute to about 2.5% of global carbon emissions, the 
aviation industry is also one of the fastest growing industries. It is projected that emissions could triple by 
2050. In other words, by 2050, aviation emissions could take up almost a quarter of the global carbon budget 
for the 1.5°C climate target. Yet, air travel is often neglected when we talk about sustainable consumption 
and lifestyle.

Illustration D3c.2 - With an Average of 11.4 Trips Per Person Per Year, Hong Kongers are Not Sustainable Travellers
Illustration D3c.3 - Travel to Sweet Gum Woods in Hong Kong is a More Sustainable and Cheaper Trip Than Going  
 to Japan to See the Same

Hongkongers are the most frequent travellers in the world, with an average of 11.4 trips per person per year. 
As low-cost air tickets become increasingly available, weekend short trips are also a lot more common among 
Hong Kong people. 

Japan was the most popular travel destination for Hongkongers in 2016. A flight from Hong Kong International 
Airport to Tokyo Haneda Airport and back would generate about 540 kg of CO2, which is more than the annual 
per capita carbon emission of 43 countries. The emissions of a long-haul flight is more staggering. A return 
flight between Hong Kong and Paris would emit over 1.8 tons of CO2.

Unsurprisingly, air travel is a major source of greenhouse gas emission from Hongkongers. Statistically, each 
Hong Kong citizen on average is emitting 6.2 ton CO2 annually, excluding aviation emissions. If one visits 
Tokyo three times a year or travels to Paris once, their per capita carbon emission could increase by 30%, 
accumulating to about 8 tons of CO2 per person, per year.

Tips on Sustainable Tourism:

• Travel Locally 

Hong Kong is often known as the “concrete jungle”, 
surrounded by tall skyscrapers. Little do people know that 
over 70% of Hong Kong land area is kept in a relatively 
natural state, such as country parks and conservation-
related zones. Not only does travelling locally reduce 
one’s carbon footprint, but it also offers a chance for 
Hongkongers to rediscover Hong Kong’s nature and 
culture. 

Every Autumn, numerous Hong Kong travellers gather in 
Japan to witness the maple season. However, many have 
no idea that red leaves can also be found in Hong Kong. 
Tai Tong Sweet Gum Woods is located at the south of 
Yuen Long, where a type of tree with maple-like leaves 
that also turn yellow or red in autumn – sweet gum trees 
– can be found. Some describe Tai Tong Sweet Gum 
Wood as Hong Kong’s Karuizawa. Visiting Yuen Long, 
instead of Karuizawa, would save time, money, and most 
importantly, carbon emissions.
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• Be a Responsible Tourist

In addition, going to country parks and beaches are also popular places for locals and tourists. However, 
whilst huge numbers of Hong Kong people went out on beaches to escape from the coronavirus impact 
in the city, a great amount of face masks and garbage were seen washing up on beaches. Therefore, it 
should be noted that no trash should be left but brought away from the countryside as a respect to nature. 
Furthermore, sunscreen is another source of pollution of the oceans. Up to 14,000 tons of sunscreen 
lotion is released into the coral reef areas every year, putting at least 10% of global coral reefs at risk 
of exposure. Oxybenzone, which is one of the ingredients in some sunscreen products, is the potential 
culprit. Therefore, the best solution must be the use of physical sunscreens, including hats, glasses and 
long-sleeve clothes.

Moreover, clam digging, as a leisure activity on beaches, has recently risen in popularity among Hong Kong 
people. For instance, Shui Hau Wan is one of the spots where people go digging for clams. Subsequently 
some studies have shown a decrease in clam abundance, infaunal community composition and overall 
species richness in non-reserved beaches. The effects of local disruption and disturbance to the habitat 
should be noted. As such, clam digging is not recommended as it is important to respect marine creatures.

 
• Cut Back on Single-use Plastics on Vacation

• Stop Using Travel-sized Toiletries

a.   Although travel-sized toiletries seem to be very convenient, the small plastic containers and sachet  
 packages remain a huge environmental crisis, staying around for hundreds of years and polluting our  
 rivers and ocean. Avoid buying or using those single-use toiletries provided by hotels. Simply  
 substitute travel-size toiletries with the regular-sized ones, or refill and reuse the travel-size bottles.

b.  Bring Your Own Containers and Cutlery
 Street food, in Asia in particular, is often served with single-use plastic bowls and plastic cutlery.  
 A mountain of plastic waste could easily be found near street food stores. Bringing your own containers  
 and cutlery is one of the simplest ways to reduce a plastic footprint, and most vendors would not mind  
 serving their food in your containers. Be part of the solution, not the pollution: BYO! 

Illustration D3c.4 - A Small Action Like Bringing Your Own Container When You Can will Contribute to a Better Future

Marine Mammals for Tourism Entertainment: Marine Park in Hong Kong

Hongkong’s cash-strapped Ocean Park demanding an urgent bailout of HKD5.4 billion has stirred up the 
red-hot debate regarding new business models to run the Park, sustainable tourism in the city, and animal 
welfare. Whilst over 50% of the emergency funding, according to the SAR Government, would be used for 
the payment of commercial debt, only the remaining is for management to come up with a new business plan 
for the park’s survival. Most pressure groups and non-governmental organizations fighting to protect animal 
welfare have expressed their objections and concerns, urging that the Park must reposition itself and stop 
animal performance for profit.
 

The Truth About Marine Parks Around the World
 
Indeed, animals living in Hong Kong ‘s Ocean Park have been treated more humanely and ethically than 
other marine parks: it is a different story in other parts of the world. Although scientists prove that larger pools 
minimize aggression and improve breeding success, most parks are not capable of doing so. According to 
a study released in 2010 by the Animal Legal and Historical Centre, one of the worst-case scenarios is that 
most orcas live in small tanks without aerobic exercise, forcing them to swim in endless circles. Notably, 
orcas urinate continually due to their small bladders, generating several litres of urine, and several kilograms 
of faeces. Thus, most die far short of their natural life expectancy due to an unfavourable living environment.
 
At another level, these marine mammals are exploited by humans in terms of natural behaviour and 
community relations. Orcas and dolphins share family ties and social networks. They are separated and sold 
to amusement parks. Dolphins may die from shock, pain, or pneumonia in the process because wild capture 
typically involves boats chasing dolphins into shallow waters, where they can’t escape the surrounding nets. 
In 2014, during the annual slaughter of dolphins in Taiji Cove, Japan, a startling 500 dolphins were caught. A 
few dolphins from each hunt may be selected for captivity and sold to marine parks around the world. In light 
of this, in May 2015, the World Association of Zoos and Aquariums (WAZA) banned the sale and transfer of 
captive dolphins from Taiji, Japan. 
 
All in all, the degree of natural orca behaviour, sociality, and the appearance of their natural habitats are all 
affected by captivity. The ecosystem of marine mammals is complex and complicated and often impossible 
to reproduce or simulate.
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Animal Welfare Matters and What Should We Do?
 
The above case studies show that most marine parks fail to achieve animal welfare: the use of animals to 
entertain tourists have to be immediately terminated for the sake of animal rights. To protect the natural habitat 
and social structure of marine life, it is our civic responsibility to:
 
• Stop visiting marine parks that use animals for entertainment

Please do not visit marine parks, zoos or aquariums. Encourage your local aquarium to provide more 
space to rehabilitate wounded wildlife by refusing to breed or bring in more species.

Illustration D3c.5 - Animals should not be Used as Entertainment in Parks, Act Now

 
• Urge the parks to abolish the animal confinement and artificial insemination, with the joint pressure 

exerted by the civil society
You could leaflet outside the gates of marine parks, write to the editors of local newspapers, lobby 
policymakers to stop subsidizing these facilities with public funds, and urge local government officials to 
endorse legislation that prevents or prohibits the display of marine mammals.

D3d

Pierre Rousseau
Senior Strategic Advisor for Sustainable Business at BNP Paribas & Co-Founder of Nomad Plastic

The global ocean economy is extremely important to contribute to economic output and employment: It does 
generate directly and indirectly more than USD2.5 trillion of GDP and provides more than 35 million direct 
jobs. If the Ocean were a nation, it would rank as the 7th largest economy in the world: In the 2017 “Better 
Business, Better World” report, the Ocean economy was not even identified as a business opportunity. In 2018, 
The Organization for Economic Cooperation and Development (OECD) did forecast that the ocean-based 
economy will outperform the growth of other industries to reach a value of USD5 trillion (out of which USD3 
trillion directly) in 2030: one the largest business growths with the Circular Economy and Waste Management. 

The ocean economy encompasses nowadays mainly the ocean-based industries such as Tourism, Energy, 
Shipping and Fishing, but also more and more the natural assets and the ecosystem services that the Ocean 
provides with plenty of new opportunities led by technology and innovation; indeed, the Ocean remains widely 
unexplored – even more than the Moon. Consequently, in order to achieve this level of growth, the ocean 
economy will have then – contrary to what did happen on the land – to mix inextricably its ocean-based 
industries with its ecosystems. It means that first of all the existing ocean-based businesses are going through 
deep transformation to address the climate change negative impact, biodiversity loss or social exclusion: from 
oil and gas platforms to wind farm and wave power, sustainable fishing and seafood, basic needs for the local 
communities and appropriate working conditions for the sea-workers – while new ocean-based activities will 
develop. 

The Blue Economy related to all the Ocean-based economical activities is the particularity to systematically 
integrate sustainability in its business model: climate change, biodiversity and social inclusion are systematically 
addressed and even more, do generate profitable growth.

The Ocean Economy – a New Frontier – Also the Opportunity  
to Build a Sustainable Blue Economy

Build a Sustainable Blue Economy

The Ocean is one of the new economic frontiers driven by its still-unknown, but promising resource reserve and 
role to boost economic growth, employment, innovation, digitalisation and technology as well as sustainability 
– all combined together in a new integrated model. It will be the main and inevitable solution for addressing 
many of the existing challenges of our existing world: climate change, generation of energy, food security, 
access to new natural resources and ingredients to improve our medical care. Whilst the potential of the 
Ocean to address all these issues is massive, the Ocean is on the other side already facing its own challenges 
with the over-exploitation, pollution, biodiversity loss and huge gas emissions affecting climate change. 

To develop a Blue Economy, we do need first to address the issues of the existing ocean-based industries.

Energy with offshore-oil and gas, and its transformation to renewable energy such as wind energy and wave 
power accounts for the largest part of the economic value of the ocean economy.

Offshore oil and gas accounted for one-third of the total value added. With the high cost of offshore oil and 
gas, the transition to the renewable energy provided by wind and wave power has already started and will 
expand further with the growth of the Blue Economy. Indeed, the latest is an emerging sector that will require 
energy to allow many scientific and commercial new opportunities to reach their potential. For instance, in the 
US, the US Department of Energy’s Water Power Technologies Office seeks to understand marine and coastal 
opportunities for which marine energy could fulfil those energy needs. The major finding is that there are 
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more markets with more potential than anticipated, both for Power at Sea (including ocean observation and 
navigation, underwater vehicle charging, marine aquaculture, marine algae, and seawater mining), and Resilient 
Coastal Communities (including desalination, coastal resiliency and disaster recovery, and community-scale 
isolated power systems). The enabling attributes of marine energy resources reveal that they are abundant, 
geographically diverse, energy dense, predictable, and complementary to other energy sources: a completely 
new energy sector with new specific technical and economic requirements to power emerging opportunities 
in the Blue Economy. Energy will remain the leading ocean-based activity.

Maritime and Coastal tourism need to evolve towards an Eco-sustainable Blue Tourism. Ocean tourism is 
currently valued at almost USD400 billion globally. In many countries, especially in emerging markets, it 
generates a significant portion of the GDP and employs millions of people. 

It is important to develop Blue Tourism which is fully integrated with sustainable practices to preserve the 
marine biodiversity and the coastal ecosystems, such as coral reefs and mangroves, to prevent plastic and 
waste pollution, to promote decarbonisation and to develop training programs for staff to upgrade their 
sustainability skillset.

Mass market tourism has been massively developed across the planet through the large hotels and Ocean 
resorts as well as the massive cruise ships carrying thousands of passengers. Most of them are operating 
without any consideration on climate change, biodiversity loss or local community inclusion. 

Shipping – Maritime Transport

Marine shipping carries an estimated 90% of the planet’s cargo. This Ocean traffic contributes significantly 
– around 2.2% – to global emissions of carbon and air pollutants. Marine Shipping is statistically the least 
environmentally damaging mode of transport, when its productive value is well-recognised. Moreover, set 
against land-based industry, it is overall, a comparatively minor contributor to marine pollution from human 
activities. The International Maritime Organisation (IMO) has mandated that shipping emissions be reduced 
by 50% by 2050. 

C o n s e q u e n t l y , 

Illustration D3d.1 - The Entire Shipping Fleet will have to Adopt an Innovative Approach to Fight Off Carbon Emissions

the entire shipping fleet will have to be upgraded providing a huge transformation in shipbuilding, repair of 
maritime equipment and new installations in ports. New technology and engineering will develop, and high 
digitalisation will lead to more automation including the potential autonomous ships entirely carbon neutral. It 
will impact its workforce that will need to be skilled up.

Fishing and fish processing, is the second largest ocean-based activity in terms of employment, but the 
smallest in terms of value added. Fisheries and its indirect economy is extremely fragmented, but did provide 
employment to more than 15 million people – this is without counting the millions of small fishermen from local 
emerging markets communities – most of them living below the poverty line. More than 3 billion people get 
at least 20% of their animal protein from fish. On top of that 500 million depend directly or indirectly on the 
fishing industry for work and pay.

Total production of fish is now 200 million metric tons in the world, out of which almost half of it is wildly caught 
in the ocean. The other half comes from aquaculture. In 1950, the total production of fish was 20 million metric 
tons, entirely from wild catch fishing. Since 1990, the total of wild catch fishing has been locked at 80 million 
metric tons and it remains under the pressure of overfishing. China is the world’s top fish producer by far, 
and since 2002 has also been the largest exporter of fish and fish products. It represents 40% of total world 
production, mainly from aquaculture (Figure D3d.1).

Country Capture Aquaculture Total

Total (2018) 93,736,944 101,084,799 199,741,129

 China 17,800,000 63,700,000 81,500,000

 Indonesia 6,584,419 16,600,000 23,200,000

 India 5,082,332 5,703,002 10,800,000

 Vietnam 2,785,940 3,634,531 6,420,471

 United States 4,931,017 444,369 5,375,386

 Russia 4,773,413 173,840 4,947,253

 Japan 3,275,263 1,067,994 4,343,257

 Philippines 2,027,992 2,200,914 4,228,906

 Peru 3,811,802 100,187 3,911,989

 Bangladesh 1,674,770 2,203,554 3,878,324

 Norway 2,203,360 1,326,216 3,529,576

 South Korea 1,395,951 1,859,220 3,255,171
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Figure D3d.1 - World Fish Capture (Largest Countries)

Currently, the Food and Agriculture Organization (FAO) of the United Nations estimates that 90% of world 
fishing activities are fully-fished, and 30% of that need to be substantially reduced. 

The world will be able to catch an additional 10 million metric tons of fish in 2050 if management stays as 
effective as it is today. There is only one way to increase global catch quantities that are relevant, sustainable 
and meet growing demand and that is to improve fishery management significantly worldwide. Ecological 

 Myanmar 2,072,390 1,017,644 3,090,034

 Chile 1,829,238 1,050,117 2,879,355

 Thailand 1,530,583 962,571 2,493,154

 Malaysia 1,584,371 407,887 1,992,258

 Mexico 1,524,467 221,328 1,745,795

 Egypt 335,614 1,370,660 1,706,274

 Morocco 1,454,105 1,142 1,455,247

 Brazil 705,000 581,230 1,286,230

 Spain 915,137 283,831 1,198,968

 Ecuador 715,495 451,090 1,166,585

 Iceland 1,085,176 15,129 1,100,305

 Iran 695,407 398,129 1,093,536

 Canada 874,727 200,765 1,075,492

 Nigeria 734,731 306,727 1,041,458

 United Kingdom 702,405 194,492 896,897

 Cambodia 629,950 172,500 802,450

 North Korea 209,000 554,100 763,100

 Argentina 755,226 3,673 758,900

 France 561,173 166,640 727,813

impacts must be considered far more than has been the case to date. If such a management system is 
enforced, an additional 35 million metric tons of fish could be caught sustainably in 2050. Responsible 
aquaculture could provide even more to help fill the demand. The best way to protect the long-term food 
and economic security that the ocean provides is for all fishing to be done sustainably. Therefore, proper 
governance, but also new processing and financing mechanisms on the ground with fishermen and in the 
entire supply chain, advocating for better policy, and helping the marketplace use its power to promote ocean 
conservation priorities, fighting illegal fishing and a developing circular economy and minimising waste (40% 
of fishing matter is wasted) is needed. 

The projections suggest that between 2018 and 2030, the ocean economy could increase by more than 75% 
and a particular strong growth is expected from the transformation of the existing Ocean-based industries in 
offshore wind and wave power, reshaping of tourism integrating sustainability, suppressing illegal fishing and 
addressing the overfishing, developing new sustainable marine aquaculture and upgrading fish processing, 
upgrading or recycling properly the existing fleets and creating new shipbuilding and port installations.

To develop a Blue Economy, new ocean-based activities lead by scientific and technological advances will 
emerge. 

By addressing many of the ocean-related environmental and social challenges and by discovering new 
resources – 90% of the Ocean is unknown, innovations in advanced materials, submarine engineering and 
technology, sensors and imaging, satellite technologies, computerisation and big data analyics, autonomous 
systems, biotechnology and nanotechnology – will create new ocean-based activities – some of them 
previously operating exclusively on land: the BioEconomy, the Marine Infrastructure with deep-sea mining 
and the rehabilitation of marine natural areas and carbon capture (Blue Carbon). Many incubators for Ocean 
start ups have been created around the world: SOA, Sea Forester and Katapult Ocean are three successful 
examples.

Illustration D3d.2- 90% of the Ocean is Unknown and could be Key to a Sustainable Future, Projects such  
 as the Proteus Underwater Sea Station Aim to Go in that Direction

BioEconomy was very recently at a startup level, but it has climbed up in global, regional and local agendas 
recently. Its activities can obtain high level growth while conserving the natural resource base and a carbon 
free economy in which seaweed replaces plastic, micro algae produces sustainable fuel and where Marine 
ingredients will feed humans, aquaculture fish and take care of our medical care – BioMedical.

All sectors and all industries including some of them which were never in the ocean-based industries, such 
as the cement companies, are progressively getting into the BioEconomy: including industrial activities: 
bioplastic, biofuel, food Industries, cosmetics and pharmaceuticals, biomaterials for implants and 3D, textiles 
with biofabrics, environment with the sea forest of seaweed and many other and new opportunities still 
unknown.
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Marine infrastructure is moving forward, especially whilst the environment is developing. DEME (Dredging, 
Environmental & Marine Engineering), a Belgian based world leader in dredging, solutions for offshore energy 
and infra marine and environmental works, is a very good and innovative example. They have even added 
<Environmental> in the name of their company to demonstrate their commitment to these new activities. On 
their website homepage, they are clearly stating that their vision is to work on a sustainable future by offering 
solutions for global challenges: a rising sea level, a growing population, reduction of CO2 emissions, polluted 
rivers, seas and soils and the scarcity of natural resources.

Blue Carbon is an incentive leading to sustainability and a new financial resource. Blue Carbon is organic 
carbon that has been captured and sequestered by coastal marine plants, which include seagrasses, 
mangroves and tidal marshes. These habitats can be highly productive and support remarkably high carbon 
burial rates. This buried carbon — Blue Carbon — can be much greater than terrestrial ecosystems, and if 
undisturbed is sequestered for much longer. Efforts towards restoring and protecting these threatened habitats 
are gaining momentum, and they offer economic, social and environmental payoffs for coastal communities 
– the same triple pillars that support the Blue Economy. The payoff includes increased carbon sequestration 
(and the wider benefits that offers), but also the opportunity to change from perverse practices that degrade 
ecosystems, and ultimately the societies that depend on them. Activities that restore and protect Blue Carbon 
also offer the potential for developing market-based mechanisms that take advantage of existing frameworks 
for carbon offsets (also called carbon credits). European estimates of coastal Blue Carbon (seagrass, 
mangroves, saltmarshes) have an accounting stock value of about USD180 million. Such financial incentives 
for Blue Carbon might also offer a way to protect and capitalise on the other ecosystem services provided 
by these habitats, such as fisheries. Doing so, will reap rewards beyond the immediate benefits of carbon 
sequestration. For example, the value of ecosystem services provided by mangroves and tidal marshes is 
hundreds of thousands of dollars per hectare. We argue that Blue Carbon meets all three of the essential 
elements of sustainability – economic, environmental and social – and should thus be framed as an essential 
component of the Blue Economy. Together with the renewable energy sector and carbon capture and storage 
industries, Blue Carbon is emerging as an industry in its own right that is assisting the global move to progress 
towards ‘low carbon’ economies whilst creating economic and livelihood opportunities and options, most 
fundamentally for developing countries, but also for developed countries or established industries. 

For the new social business entrepreneurs in a highly fragmented universe, in addition to the large enterprises 
and the innovative start up, the Blue Economy will also comprise of the emergence of social businesses 
which will develop profitable sustainable activities, fully integrated in their ecosystem, most of the time in the 
most remote and difficult places of the world to sustain marine biodiversity conservation and local community 
inclusion. The profit generated by economical activities compliant with sustainability will fund and most of the 
time complete the philanthropic action addressing environmental and social challenges: Blue Ventures, Blue 
Finance and Nomad Plastic are three examples: they are developing growth with sustainable tourism and 
fishing while preserving nature and biodiversity, whilst providing basic needs to local communities; valuing 
nature and human beings in the economic model should lead to prosperity.

Illustration D3d.3 - The Blue Economy Can Play a Major Role in Sustainability and Profit

The Challenges are Nevertheless Multiple 

In order to boost the long-term development of this transformation and the new emerging ocean-based 
industries and their contribution to growth and employment, while managing the Ocean in responsible and 
sustainable ways, there will be a number of challenges to address:

• Foster greater international co-operation in marine science and technology as a means to stimulate 
innovation and strengthen the sustainable development of the ocean economy.

• Strengthen integrated ocean management and its governance.
• Improve the source of data related to the ocean economy to measure performance and the role of the 

Blue Economy in the overall economy.
• Finance with new alternative structures, the transformation and the innovation of the ocean economy. 

There will be a need to scale, de-risk and lower the funding cost by combining philanthropic, public, and 
private funds.

• Build more capacity for ocean industry foresight.

Conclusion

The Blue Economy comprises all economic activities related to oceans, seas and coasts. It covers a wide 
range of interlinked established and emerging sectors and the ocean economy as a growth opportunity 
for both developed and developing countries. It fully integrates the need to address the environmental and 
ecological sustainability of the oceans. It also includes economic benefits that may not be marketed, such as 
carbon storage, coastal protection, cultural values and biodiversity.

The Blue Economy was completely forgotten by the entire economic and environmental community from all 
studies, plans and communication, despite the fact that the Ocean represents 33% of the humanity GHG 
emissions, 50% of the oxygen of the planet, 90% of the excess heat accumulated in the climate system, 16% 
of the total world source of protein, 60% of the world population living in the coastal area and still 90% of the 
marine species to be discovered.

The Blue Economy is now a priority and a game changer for the entire planet. 

From the space, it appears that its colour is blue: THE BLUE PLANET.
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Illustration D4a.1 - Corals are Facing Extinction if We Do Not Act

D4a

Vriko Yu
The Swire Institute of Marine Science, The University of Hong Kong

The Pace of Recovery is Outpaced by Climate Change Impacts 

We are losing reefs at an unprecedented rate – 90% of the reefs will be threatened by the 2030s, and the 
number will continue to grow to 99% in the next 20 years, if no action is taken. It is crucial to understand 
and tackle the root causes of habitat degradation, including climate change and anthropogenic stressors in 
a global and local context. 

Coral Restoration:  
Objectives and Examples in Hong Kong

Gouezo et al (2019) suggest that a healthy reef would require more than 10 years to recover under conditions 
free from the subsequent destructive events. Meanwhile, the biodiversity and the societies depending on the 
goods and services provided by the reefs would be impacted (Chapin et al. 2000). The rapid deterioration of 
coral reefs on a global scale has led to the development of coral restoration in the last few decades, where 
human interventions are considered as practical solutions to mitigate the loss. 

The Ideology of Coral Restoration 

Ecological restoration was coined by the Society of Ecological Restoration as “the process of assisting the 
recovery of an ecosystem that has been degraded, damaged and destroyed” (2004). When an ecosystem is 
degraded, with limited ability to recover naturally on its own (Lotze et al. 2006) or require a long period of time 
that might cause catastrophic events in the ecosystem (Dobson et al. 2006), restoration should be planned 
and managed. A Heavily Bi-eroded Platygyra Colony, Being Grazed by Diadema Urchins (Photo: Victor Lau)

Ecological restoration can be adopted as an effective response to biophysical and ecological degradation to 
buy time for the reefs’ recovery (Aronson et al. 2016). In essence, restoration projects should aim to recover 
properties of an intact, undegraded, or “reference” reef by restoring species assemblages, food webs and 
healthy ecological functioning (Mawdsley et al. 2009). Traditionally, restoration aims to restore the historical 
ecosystem state (Jackson and Hobbs 2009), while the modern restoration approach takes into account the 
resilience and adaptiveness under predicted climate change and anthropogenic impacts. 

The Intervention Spectrum 

Restoration action can be realised at various levels in terms of the magnitude of impact. Examples of innovative 
interventions include localized stressors removal, propagation enhancement, reintroduction, structural 
enhancement (eg. substrate restoration and structural complexity enhancement), artificial selection (eg. 
ecotype selection, traits selection and selective breeding), epigenetic modification, and genetic modification. 
Human interventions need to be carefully assessed and prioritised to secure the ecosystem health of the 
degraded reefs as well as to avoid undesirable consequences.

Restoration in Hong Kong

In 2016, a research team led by Dr. David Baker from The University of Hong Kong was commissioned by 
the Agriculture, Fisheries and Conservation Department to conduct the first restoration project in Hoi Ha Wan 
Marine Park. The project aims at restoring the bio-eroded colonies in ‘mushroom’ shape which are vulnerable 
to collapse, using the techniques of coral gardening and the micro-colony-fusion method. The colonies 
identified to be in vulnerable shapes were fragmented into small pieces and then reared in in-situ nurseries. 
After one year, the fragments have recovered and grown into suitable sizes and will then be transplanted to 
suitable substrates. 
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Active and Passive Management Need to go Hand-in-Hand

Typically, there is no single formula for restoring ecosystems. Although the decline is on a global scale, local 
stressors, including destructive fishing, nutrient pollution, and sedimentation, are often the major drivers of the 
deterioration. Passive management aims to improve the environmental conditions by tackling the root causes 
of habitat degradation, which is essential to secure restoration success. Common examples include the 
removal of anthropogenic stressors (eg. fishing pressure and nutrient inputs). While active management often 
refers to proactive restoration measures, involving the active restocking of the population by outplantation or 
transplantation. However, restoration should not be seen as a substitute or surrogate of the other conservation 
efforts. Instead, active and passive management need to be unified and incorporated in management strategies 
(Possingham et al. 2015). 

To find the solution to the complex issue, restoration actions require multidisciplinary collaboration, with 
participation of government officials, policy makers, scientists, restoration practitioners, and the involvement 
of the general public. 

The HKU Research Team Extracted Fragments from the Heavily Bio-eroded Colonies and then Reared them on an In-situ 
Nursery. (Photo: The Baker Lab)

A Restored Colony where Fragments from the Same Mother Colony Were Placed Nearby to Facilitate Fusion to Form a Bigger 
and Healthier Colony (Photo: The Baker Lab/AFCD

D4b

Marine Protected Areas: 
Role and Function 

Dr Nicolas Pascal 
Director and Angelique Brathwaite, Director Science & Management, Blue Finance

Marine Protected Areas (MPAs) help to protect marine ecosystems primarily from anthropogenic impacts, 
while allowing for sustainable livelihoods to be made. By protecting ecosystems, we are allowing for their 
improved and continued services, such as coastal protection, fisheries, and support to tourism activities, to 
flow. Such protected spaces are usually legally designated by governments and zoned to allow for differing 
conservation goals to be achieved. Such zones can range from fully restricted areas where humans cannot 
enter, to multiuse areas which allow for both recreation and sustainable fishing for example. MPAs have 
already proven their ability, once effectively managed, to aid in the restoration of ecosystem structure and 
function. Their management must exist within a holistic conservation framework such as Integrated Coastal 
Zone Management, as most impacts on marine ecosystems originate from land. 

Introduction

While different types of MPAs exist; they all have one goal which is to ensure that marine resources are 
being utilised sustainably (Kelleher 1999).  Defined by the World Conservation Union (IUCN) as, “any area of 
intertidal or subtidal terrain, together with its overlying water and associated flora, fauna, historical and cultural 
features, which has been reserved by law or other effective means to protect part or all of the enclosed 
environment”; MPAs contribute to maintaining biological diversity and abundance. Such Protected Areas 
are often designated by governments and managed via a set or policies aimed at reducing or negating 
mans´ impact on marine resources. MPAs are well accepted as a means of protecting biodiversity with 193 
countries agreeing to manage 10% of their coastal and marine areas within this framework by 2020, under 
the Convention of Biological Diversity´s Aichi Target. Further, this 10% protection target was also included in 
the United Nations Sustainable Development Goal (SDG) 14. 

Marine Ecosystems protected by MPAs encompass coral reefs, mangroves, and sea grass beds all of 
which are extremely important, especially to tropical livelihoods and economies. In many cases, these three 
ecosystems are interconnected and provide mutual benefits, however, our focus will be on coral reefs, as they 
are most prominently represented in MPAs globally, are most important in terms of tourism and are the most 
critically threatened.

Importance  

Coral reefs provide a range of important Ecosystem Services, which can be defined in economic terms. These 
are primarily: coastal protection; fisheries/food provision; and aesthetics/recreation linked to tourism.

Coastal protection: Coral reefs act as the first line of defence against wave action and have been reported 
to attenuate up to 90% of wave energy (mangroves further contribute to reduction of wave energy) thereby 
protecting lives, coastal properties and providing safe conditions for recreation and tourism activities. Protection 
occurs both from daily erosion and high energy storm surge events. Storlazzi et al (2019) (Storlazzi, Reguero 
et al 2019) for example determined that the annual flood protection service offered by coral reefs in the USA 
and its Territories is USD1,805,511,877.
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Illustration D4b.2 - Artisanal Fishing is often Practiced along Coral Reefs for Local Needs Only

Illustration D4b.1 - Coral Reefs act as a Wall for Waves and Storms. Without it, the USA alone would have to Spend USD1.8 Billion to  
 Sustain this Protection

Fisheries: Artisanal fishing is often carried out around coral reefs, which provide habitat for a variety of 
commercially important reef and pelagic fish. Fishing is an important source of income and protein for many 
coastal communities. Burke and Maidens et al (2004) estimated that coral reef fisheries generated annually 
USD312,000,000 for the wider Caribbean.

Tourism: The immense biodiversity of coral reefs, particularly colourful and abundant fish and corals, attract 
both divers and snorkelers and therefore support tourism industries on which the economies of many 
countries depend. Globally, between USD50-1,000 ha/yr was estimated to have been generated by reef 
tourism (Burke, Reytar et al 2011). The economies of both small island developing states – Caribbean tourism 
(in 1990) earned USD8,900,000,000 and employed more than 350,000 people (Dixon, Scura et al 1993) 
and some larger developed countries – in Australia, the Great Barrier Reef is estimated to generate around 
AUD6.4 billion and employs greater than 64,000 persons annually (https://www.barrierreef.org/the-reef/the-
value). Additionally, beaches that attract even non divers and snorkelers are often comprised of either entirely 
or partially pulverised coral.

Threats

Coral reefs are however deteriorating considerably due to a variety of impacts caused by man, either directly 
or indirectly, resulting in the ecosystem having reduced capacity to provide their ecosystem services. 

Illustration D4b.3 - We have already Lost 20% of our World’s Coral Reefs, 60% are Currently under Threat, Let’s Act

Illustration D4b.4 - The Galàpagos Islands are a Marine Protected Area (MPA) due to its Endemic Species and Rich Primal Wildlife

One fifth of the world’s coral reefs have already been lost, and more than 60% are under immediate and 
direct threat. Since at least the 1980´s in the Caribbean, there has been a trend of decreasing coral cover and 
increasing algal cover (Mumby, Flower et al 2014) and decreasing rugosity (Alvarez-Filip, Dulvy et al 2009). 
Reef fish communities, which are crucial to the health of coral reefs, are also in decline (Paddack, Reynolds 
et al 2009).

Anthropogenic threats to coral reefs are well known and include both local and global factors. Locally, the effects 
of coastal development, overexploitation of fish stocks, destructive fishing practices, land-based sources of 
pollution resulting in poor water quality and alien invasive species (eg. lionfish in the Caribbean) (Mumby, 
Flower et al 2014). Global stressors are more recently acknowledged with coral reefs experiencing higher 
ocean temperatures and acidity than in the last 400,000 years, resulting in outright mortality, temperature 
induced mass bleaching and increasingly frequent category four and five hurricanes, which have greatly 
exacerbated the stresses already caused by other threats (Mumby, Flower et al 2014, Laffoley 2018). It 
is generally accepted however, that once local impacts are reduced, coral reefs have improved capability 
to withstand global impacts (Weijerman, Veazey et al 2018) and it is these local impacts that can be best 
managed within an MPA framework.
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Management

Management of MPAs is aimed primarily at protecting habitats (and therefore biodiversity) and bolstering 
fisheries. Impacts originate both on land and at sea, with MPAs being more successful at mitigating the latter. 
They therefore must exist within a holistic or integrated coastal zone management framework to be effective. 

Management involves understanding both scientific and social elements. It is important to know what the 
impacts are, where they originate and their effect on coral reefs (Science) as well as understanding why 
humans carry out actions detrimental to coral reefs and the best ways to change behaviours (Social). As the 
most biodiverse marine habitat, coral reefs are magnets for activity, forming the corner stones of industries 
which often have competing interests eg. the fishing industry – which removes fish (extractive) and the dive 
tourism industry – which relies on the presence of fish. Conflicts often arise and solutions are as much social 
as they are scientific, with trade-offs having to be made to ensure that conservation goals can be met without 
unduly disrupting livelihoods. MPAs are therefore often divided into different zones each with specific priorities 
eg. Recreation, Conservation, Research which allow for different goals to be achieved. 

Core activities of MPAs often include Enforcement – to ensure compliance for rules and regulations; Public 
Education – to improve awareness which can also lead to greater compliance and improved management by 
including informed communities; Science & Monitoring – to understand what conservation is required and to 
demonstrate management effectiveness. Gaining the trust of communities that derive their income from the 
marine space within MPAs and including them in management is seen as crucial for MPA success. 

There are a significant number of MPAs existing globally, however their effectiveness is a significant issue, as 
highlighted in the World Resource Institute Caribbean Reef at Risk report. Which found that approximately 
70% of Caribbean MPAs, inadequately managed or lacking management entirely.

How do MPAs Work?

MPAs primarily protect marine habitats (and biodiversity) and aid fisheries. With adequate compliance, they 
have demonstrated their ability to protect and restore the trophic structure, biodiversity and resilience of reef 
ecosystems (Mumby and Steneck 2008, Laffoley 2018) enhancing benefits for local economies. 

A key activity of most MPAs is a reduction in fishing efforts. The effects of no fishing areas on fish biomass, 
density and diversity are well demonstrated in many sites (Steneck, Mumby et al 2018). Even while uncertainties 
regarding the size of conservation areas remain, the management of a zone with reduced fishing efforts will 
allow for an increase in the biomass and diversity of exploited species inside the closed area and improvements 
in their reproductive potential via (i) larger size and older adults resulting in better gametes (eggs larger and 
better fed), (ii) major hatching success and, (iii) larval in better conditions (faster growth, more food reserves, 
larger size) increasing their probability of survival during the pre-settlement rate (the average survival rate is 
0.12% of the total larvae produced (Houde, 1997). Significant increases in fish populations can be observed in 
as little as five years (Gell & Roberts 2003) and benefits fishers outside of the protected zone due to spill over. 
These effects have been remarkably consistent globally (Halpern and Warner 2002).

Improvements to fish biomass (especially herbivores) are expected to have follow on benefits for coral reefs. 
Increased fish grazing, primarily driven by reduced fishing, appears to influence the density and community 
structure of coral recruits. Corals require hard substrates (and in particular, coralline algae) to settle and 
grow and macro algae often outcompete coral recruits for available space, thus reducing their chances of 
survival. The relationship between recruitment failure and increasing macroalgal dominance due to loss of 
herbivory, and the converse, are well documented (Mumby, Harborne et al 2007). MPAs have also been 
documented to improve the resilience of coral reefs. In a 20-year study carried out in Australia’s Great Barrier 
Reef, it was shown that reef communities were more stable, the magnitude of impacts lower and recovery 

was faster than in adjacent unprotected habitats (Mellin, Aaron MacNeil et al 2016). Therefore, the depletion of 
functionally important consumer species by exploitation can indirectly influence coral reef ecosystem structure 
and function at the scale of islands (Dulvy, Freckleton et al 2004).

Control of fishing is a primary activity but MPAs also manage physical damage from boats and divers. Most 
MPAs establish a system of permanent moorings for example, to minimise anchor damage on reefs, as well 
as controlling the number and actions of divers, thus limiting diver damage and crowding at sites. 

Rangers are crucial to the success of MPAs as they are required to patrol and ensure no breaching of the 
protected area´s regulations as well as providing information on the area. 

Different Types of MPAs

While all MPAs are aimed at protecting marine ecosystems, activities allowed range from allowing no human 
entry, and no fishing to sustainable use of marine resources. According to the IUCN, Protected areas are 
divided into six types, depending on their objectives: 

• Category I Protected area managed mainly for science or wilderness protection (Strict Nature 
Reserve/Wilderness Area)

• Category II Protected area managed mainly for ecosystem protection and recreation (National Park)
• Category III Protected area managed mainly for conservation of specific natural features (Natural 

Monument)
• Category IV Protected area managed mainly for conservation through management intervention 

(Habitat/Species Management Area)
• Category V Protected area managed mainly for landscape/seascape conservation and recreation 

(Protected Landscape/Seascape)
• Category VI Protected area managed mainly for the sustainable use of natural ecosystems (Managed 

Resource Protected Area), (Source: IUCN, 1994)

Final Thoughts

MPAs have been enthusiastically designated by countries, however a high percentage exist as “paper 
parks” which are legislated only on paper with no effective management. 7.8% of the UN SDG 10% 
target is reported to have been designated as MPAs, representing some 28.2 million km2. However, when 
criteria of level of protection was made (fully or highly protected and actively enforced) only 2.5% remained  
(www.protectedplanet.net). Staff capacity and inadequate budgets were identified as key constraints to 
effectiveness (Gill et al 2017). Despite this, by protecting vital marine habitats, MPAs aid in ensuring that 
ecosystem services continue to flow to coastal communities and countries, and they have proven their ability 
to improve fish stocks and overall health of coral reefs. Greater financial investments in MPAs will be required 
in the future to ensure that conservation goals can be met.

Please scan the QR code or click here for Part D further information and references.
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Part E
Case Studies

Edwin Lau Che-feng, MH 
Founder and Executive Director, The Green Earth

Plastic, if being used and disposed of properly, will not create serious pollution problems that Hong Kong and 
the whole world are encountering and tackling in various ways and even mandatory measures. 

Illustration E1.1 - By Working Together, Producers, Governement and NGOs can Show a Better Path toward a Positive Economical and  
 Sustainable Future

The key challenge is that the existing recycling systems are unable to cope with rapidly expanding plastic 
production whilst there are more plastics designed and made for single-use purposes or mixed with other 
non-plastic materials to become composite materials which are almost impossible for recycling. 

Since its establishment in early 2016, The Green Earth has kept campaigning against the disposal culture of 
Hong Kong people when it comes to usage of different types of single-use disposable plastic items such as 
shopping bags, beverage bottles, food and product packaging, umbrella bags, etc. 

According to our observations and audits, plastic bottles and food packaging remain the major types of waste 
scattered on beaches and in the countryside. Interestingly, quite a few of those used items are not available 
for sale in local shops. 

In response to the public’s increasing concern about plastic pollution which harms seabirds, whales, turtles 
and other animals, The Green Earth launched a short-lived plastic campaign in 2018 to investigate the issue 
and at the same time urge the government and industry to take mitigation measures. 

One of the key elements of the short-lived plastic campaign is a series of brand surveys on plastic bottles 
for beverages which our team carried out at non-gazetted beaches and the countryside. In our view, used 
beverage bottles are resources or waste that should be collected by manufacturers as they are obliged to 
uphold the Producer Responsibility. 

Though there is no legislation to hold beverage producers accountable for used beverage containers in Hong 
Kong, it is common in other jurisdictions that it is required by law for producers to recover a relatively high 
percentage of their packaging waste. In this case study, the beverage bottles refer to those made of PET, 
which bear plastic code 1. 

E1

Case Study: Changes Made by Voluntary Measures to 
 Address Plastic Pollution
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The Green Earth kicked off the first round of the brand survey on used PET bottles in the summer of 2018 
and the survey lasted until mid-2019. Our team, supported by volunteers occasionally, visited a number of 
non-gazetted beaches on Hong Kong Island, Lantau and the New Territories such as Sai Kung, Tai Po and 
East Ping Chau. 

From our initial 10 rounds of survey, 1,776 used PET bottles were collected from beaches for analysis. 
Unbelievably, 38 percent of the bottles carried labels in Simplified Chinese, meaning that these bottled drinks 
were products sold in Mainland China instead of Hong Kong. Bottles carrying labels in Traditional Chinese 
accounted for 55 percent.

Contrary to the findings of the HKSAR government study conducted in 2015, which indicated that the waste 
found in Hong Kong waters and beaches was produced locally (95 percent) while only 5 percent of the waste 
was “imported”. 

The Green Earth tried to identify the beverage brands with the highest numbers of used bottles from our 
survey so that we can encourage the beverage producers to take necessary improvement measures. 

Though plastic is durable, it will disintegrate into smaller pieces over time and will become micro-plastic that 
is even more difficult to be resolved. Should these plastic bottles be left on beaches, they will eventually sink 
in the oceans to pose dire threats to marine lives and even the food chain. 

Having conducted 14 rounds of survey, we have collected over 3,200 PET bottles of which 1,404 bottles 
carried labels in traditional Chinese characters. Coca-Cola accounted for 23.4 percent and topped the list, 
followed by Vita, which accounted for 21 percent. 

Quite a few bottles were produced long ago and they have not disintegrated. The labels still showed the 
words clearly printed. A typical example was a Coca-Cola plastic bottle found on a local beach that showed 
that it was specially made for the 1988 Olympics according to its label. 

Another interesting example to go with the 32-year-old bottle was a Sprite bottle where its label told us the 
responsibility shift of the beverage producers. The words printed on the label said: No Deposit No Return. 

In the old days, we had to pay a deposit when buying soft drinks 
in glass bottles. Upon returning the empty glass bottles to a store, 
consumers could redeem the deposit. The beverage producers 
then collected all the empty bottles from stores and reused them 
after thorough cleaning at their production plants. 

The deposit and return theory was rather simple and everyone 
accepted it as a norm. The recovery rate for beverage glass 
bottles was nearly 100 percent at that time. The system made 
both producers and consumers bear their responsibilities in 
handling the used bottles voluntarily and successfully until the 
industry started to introduce disposable containers made of 
aluminium, plastic or multi-layered paper. 

Single-use disposable beverage containers gained popularity so 
rapidly that the “No Deposit No Return” policy became a norm 
very soon. Unfortunately, a large volume of these used single-use 
plastic containers (mainly PET bottles) were buried in landfills or 
left on beaches, in oceans and in the countryside. 

The Green Earth believes by initiating rational dialogue with the beverage producers we could earn their 
understanding and support. Therefore, our team keeps persuading the leading local beverage producers to 
take proactive measures to reduce and recycle their single-use beverage containers, coupled with practical 
suggestions. 

Our team also advocates reduction of plastic waste in schools, communities and conferences to raise 
awareness and wider support. 

In recent years, the plastic recovery rate dropped to a very low level in Hong Kong. Government data showed 
that PET bottle recovery rate for export stood at 0.5 percent in 2019. In fact, the majority of the local recycling 
shops had stopped collecting PET bottles for several years as they found no profits in the recycling of PET 
bottles, which also took up a lot of the limited space in their shops. 

The Green Earth considers that it might be due to a lack of incentives and confidence in the public recycling 
bins while most of the public have not developed the habit of putting used PET bottles into recycling bins yet. 
To testify if our observation was correct, we launched a trial scheme in September 2018 by offering HK20 
cents to those who brought us clean PET bottles. We partnered with a school at Kwai Chung to run the 
scheme for five consecutive Saturday afternoons. 

Before the launch of the scheme, we conducted activities to raise the awareness of students from that school 
about the plastic waste challenges confronting Hong Kong. They were immediately motivated and were keen 
to support the scheme by helping us sort and count the bottles. 

People took part in the scheme actively by taking bags or trolleys filled with clean PET bottles. Besides 
scavengers, mothers with kids, and young couples visited again and again with full confidence that bottles 
collected by The Green Earth would be sorted for recycling. 
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At the end of the scheme, nearly 15,000 clean PET bottles were collected and the whole lot was given to a 
social enterprise that aims to help scavengers who earn a living by picking waste in this affluent society.

We shared the encouraging results with the beverage industry and the government. We also urged the 
government to establish legislation to make beverage producers responsible for handling their packaging 
waste. 

The Green Earth is an advocate rather than a recycler. Through this trial scheme, we aimed at proving that 
even small incentives were able to induce behavioural change of the public to practise clean recycling of PET 
bottles. 

Having carried out a full year of brand surveys 44 times in 25 locations in Hong Kong, we released the findings 
in October 2019. The brand topping the list was a mainland Chinese brand called C’estbon, followed by three 
leading local beverage brands.

However, bottled water of C’estbon was not sold in Hong Kong. It was likely that the C’estbon branded plastic 
bottles were brought to our waters and beaches by water current. 

The Green Earth has a clear focus and aim for the campaign, which is to catalyse improvements on the 
reduction of PET bottles that otherwise will pollute the environment. 

Our persistent efforts seem to have made a couple of steps forward in reducing plastic pollution. Today, you 
will see several voluntary initiatives addressing plastic pollution problems arising from the used beverage 
containers in communities. 

To mitigate the problem, drinking water machines were set up at conference centres, shopping malls, etc. 
for selling water without a plastic bottle. Consumers need to bring their own container to buy water from the 
machine.

Illustration E1.2 - Our Daily PET (Plastic) Bottles are a Major Concern for the Environment, but some Brands have already Switched to Metal Cans.  
 Choose Wisely your Drink!

Reverse Vending Machines were also set up in the city to facilitate consumers to return used PET bottles for 
cash rebates. The government has also planned to launch a pilot scheme to investigate the improvement of 
PET bottle recovery rate with the aid of 50 to 60 Reverse Vending Machines to be placed in government and 
private venues. 

Beverage producers either have invested to build a recycling plant here in Hong Kong or collaborated with 
local recycling companies to collect and recycle used PET bottles and liquid cartons in order to generate high 
quality recycled raw materials that can be used by themselves or the market.

In addition to these voluntary initiatives launched by local beverage producers, they hope that the government 
would legislate for Producer Responsibility to mandate both local producers and importers of beverages to 
act accordingly. 

Voluntary measures launched by beverage producers were uncommon in the past. With concerted efforts 
by green NGOs, today, one can take part in their voluntary measures to help address one of the city’s plastic 
waste challenges.
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Humpback Whale 
(Megaptera Novaeangliae)

Bryde’s Whale 
(Balaenoptera Sp)

The Ocean Park Conservation Fund 

How Can We Define Marine Mammals? 

Mammal refers to a group of vertebrate animals that produces milk in females through the mammary  
glands to feed their offspring. The word “mammal” originated from the Latin mamma (ie. “breast”) and describes  
breast-feeding animals. The phrase “marine mammal” loosely encompasses mammals related to the sea, 
but also describes the species that never encounter marine water, such as the Indus River dolphin (platanista 
minor) which lives in freshwater. The basic criterion for defining marine mammals is that all or most of their 
food is from aquatic environments (Jefferson et al, 2011). Well-known examples include whales and dolphins. 
These mammals are well adapted to the aquatic environment and spend all their lives (even mating and giving 
birth) in water. A summary of marine mammals from various orders is shown below, which comprises some 
species and photographs. Marine mammals can extend to the mammals that are less adapted to live in the 
water such as species from fissipeds, including the polar bear and some otters. In the following sections, we 
will discuss the marine mammals in Hong Kong and the major issue in conserving these elegant animals.

Case Study: Hong Kong Marine Life Stranding 
 and Conservation

Marine Mammals Example of Species 

Order Cetacea (Whales, Dolphins and Porpoises), Suborder Mysticeti (Baleen Whales):

E2

Spinner Dolphin 
(Stenella Longirostris) 

Bryde’s Whale 
(Balaenoptera Sp)

Indo-Pacific Humpback Dolphin 
(Sousa Chinensis)

Suborder Odontoceti (Toothed Whales):  

Marine seal (Phoca Sp) 

Order Sirenia (Sea Cows) 
Dugong (Dugong Dugon):

Order Carnivora (Carnivores) , Suborder 
Pinnipedia (Sea Lions, Walrus, Seals):

What Marine Mammals Can be Found in Hong Kong? 

At first glance, Hong Kong may seem crowded with skyscrapers and people. However, when we look closer 
into the marine environment, we can indeed find the presence of various marine mammals. Among them, 
we can find the Chinese white dolphin (sousa chinensis) and finless porpoise (neophocaena phocaenoides), 
which inhabit Hong Kong’s coastal waters.
 

Illustration E2.1 - Although its a Dense and Busy City Life, Hong Kong is Home to Multiple Mammals

The Chinese white dolphin (CWD), also known as the Indo-Pacific humpback dolphin, has a distinct, long, thin 
beak. “Humpback” refers to the enlarged dorsal bump at the mid-back. The colour of CWD changes through 
its life stages; newborns are dark grey at birth and slowly lighten to white or pink as they grow. The maximum 
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length of an adult CWD can exceed 2 m and 250 kg. It is estimated that approximately 2,500 individuals are in 
the Pearl River Estuary (Chen et al, 2010) with some individuals still living in the western waters of Hong Kong. 

Another less famous species is the finless porpoise (FP). The nickname of FP is “sea-pig” due to their round 
and chubby look. They are grey in colour and beak-less. Unlike CWD, FP does not have a dorsal fin. Instead, 
they have a wide (about 48-120 mm) dorsal groove that begins just before the mid-back and extends to the 
tailstock. The average adult size is about 150-170 cm in length. FP can be found in the southern and eastern 
waters of Hong Kong. People have sometimes reported their appearance in the areas between the southern 
side of Lantau Island and Lamma Island.
 
Other marine mammals like the fin whale (balaenoptera physalus), Bryde’s whale (balaenoptera brydei), and 
sperm whale (physeter macrocephalus) have also been recorded in Hong Kong waters. However, these 
species are now rare and only occasionally appear in Hong Kong. Marine mammals usually encounter a range 
of intensive difficulties to sustain their population. One major difficulty is stranding, which also affects Hong 
Kong marine mammals, the details of this will be discussed in the next section. 

Illustration E2.2 - Animal Stranding can be Reversed with Human Help

What is Marine Mammal Stranding? 

The traditional definition of stranding can loosely be defined as a marine mammal that has washed up on land 
and cannot return to the sea. However, with progress made on marine mammal stranding, the definition now 
covers more detailed and a wider range of different scenarios including (Würsig et al, 2009):

• Animals that are found dead on shore;
• Cetaceans found alive on shore;
• Pinnipeds found ill or injured onshore;
• Animals that are “out of habitat” (eg. pelagic dolphins or large whales found swimming in estuaries); 
• Marine mammals found entangled in fishing gear or marine debris; and
• Carcasses found floating at sea 

A marine mammal is considered as stranded once it falls into the above listed scenarios. Depending on 
the number of marine mammals engaged in stranding, the death and the location, stranding can further be 
divided into four main types:

Single Stranding (SS) This is the most common type of standing where only one marine 
mammal is found stranded. 

Mass Stranding (MS) This type refers to two or more individuals that are stranded in the same place and 
time, except for mother and calf pairs. Unlike mass mortalities, the stranded animals are initially alive. 

Mass Mortalities or Unusual Mortality Events (UMEs) Death occurs before the marine mammals wash on 
shore. The time of this type of stranding tends to cover a longer period.

Out of Habitat Situation (OHS) “Out of habitat” refers to the marine mammal found outside its normal 
habitat, such as pelagic dolphins found in estuaries. If one is found out of its normal geographic range, it is 
also regarded as OHS. 

Hong Kong Marine Life Stranding Investigation 

Ocean Park Conservation Foundation, Hong Kong (OPCFHK) has been collaborating with the Agriculture, 
Fisheries and Conservation Department (AFCD) to investigate the cetacean stranding cases in Hong Kong 
since 2006. The collaboration is also supported by Ocean Park with an expert veterinary team and the Marine 
Mammal Department to streamline stranding response. The mentioned parties form the stranding response 
team and attend the site on a timely basis after receiving a report of a stranding event.

The condition of a stranded marine mammal is determined based on an international standard using condition 
codes 1 to 5 (Geraci and Lounsbury, 2005). A brief outline of the standard is listed below. The procedures for 
a stranding response are summarized in Figure E2.1.

• Code 1 Live – includes all marine mammals alive at the time of discovery.
• Code 2 Fresh – includes all marine mammals that are dead at the time of discovery; body intact and no 

obvious decomposition is shown.
• Code 3 Moderately Decomposed – includes dead bodies that are still intact, displaying little or no 

decomposition. Skin may be peeling off.
• Code 4 Badly Decomposed – includes obvious decomposition, skin and the surface layer of body 

peeling off, holes in dead body, internal organs are out of body from the holes caused by decomposition 
or other animals feeding.

• Code 5 Mummified – includes dead body discovered with skin and flesh dried up or completely missing, 
bones are found and some are possibly missing.

Up until 2020, OPCFHK responded to 519 stranding cases in Hong Kong, of which 132 cases (25.4%) were 
Indo-Pacific humpback dolphins and 354 cases (68.2%) were finless porpoises. The case numbers range 
from 10 to 55 each year. Over 99% of the stranding cases were death strandings. No pronounced trend of 
stranding numbers has been observed over the past few years. 

The stranding response of marine mammals is very important as information may be obtained which can 
help to identify any major threats which lead to stranding. One major obstacle to determine the cause of 
death is the decomposition of carcasses. As most of the stranding cases were Code 4-5 strandings (ie. 
badly decomposed), only limited information could be obtained. However, by consolidating past data, three 
possible causes of death were concluded. 
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Figure E2.1 - Procedures to Response Stranding in Hong Kong by OPCFHK

Fishing Net Entanglement Found on a Finless Porpoise in Hong Kong 

Finless Porpoise Without the Lower Half of the Body

Fracture of the Mandibles Were Found on a Striped Dolphin 

One of the causes is fishing net entanglement of marine mammals. In some previous stranding cases, rostrum 
or a moving appendage like the tail was entangled by fishing nets (see photograph below). This can severely 
impede the foraging ability and mobility of the marine mammal. If the entanglement continues and becomes 
more serious, it can lead to starvation or even suffocation. One possible solution to this cause is better 
management of fisheries and to control the disposal of fishing gear properly.

Another cause is trauma caused by vessels. Finless porpoise carcasses have lost their heads or body parts 
(see photograph below). which have plausibly resulted from a physical cut by propellers. Given that we still 
found undigested food in the stomaches, the cause of death was more likely intensive and related to the 
trauma. Apart from a physical cut, a boat strike can also induce bruising or fractures to body parts. One 
particular case was reported to have a fractured rostrum and eventually death occurred due to severe blood 
loss (see photographs below).

The final cause is infection; various microorganisms and parasites can cause infection. From experience, we 
usually find parasites in different parts of marine mammals – such as the ears, lungs and sinuses. The impact 
of infection should not be underestimated as it can adversely affect the health of marine mammals and further 
reduce their ability to survive in the wild. In April 2021, OPCF retrieved the carcass of a finless porpoise and 
the cause of death was plausibly related to the blockage of its airways by parasites (see photograph below).

Parasites were Found in the Lungs of a Finless Porpoise

Identifying the cause of stranding or death is a challenging issue. Different causes can come together and 
complicate the process. For example, a dolphin can first be entangled by a fishing net and then be crushed 
by a vessel due to its reduced mobility. Therefore, it is important to collaborate with different parties to 
understand the cause of death and environmental conditions. Indeed, OPCFHK has been collaborating with 
several institutes on different topics over the years: aiding Li Ka Shing Faculty of Medicine, The University of 
Hong Kong to study diseases affecting stranded cetaceans; facilitating the City University of Hong Kong to 
study recent and historic food sources, habitats and pollutant exposure of Chinese white dolphins and finless 
porpoises in the  Pearl River Estuary; and supporting Sun Yat-sen University on the research of feeding habits, 
genetic relationships and the age of Chinese white dolphins and finless porpoises. Although great effort has 
been given to marine mammals, Hong Kong still needs more research to have a more thorough understanding 
and improved conservation of these animals in future.
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Case Study: Hong Kong Horseshoe Crab Conservation

The Ocean Park Conservation Fund

What are Horseshoe Crabs?

Horseshoe crabs are an ancient arthropod that falls into the chelicerata family. Even though there is a ‘crab’ in 
its name, it’s more related to spiders and scorpions (trilobites and arachnids) than crabs.  A horseshoe crab’s 
body is divided into three parts: the head and thorax (large prosoma), a hexagonal abdomen (opisthosoma) 
and a long tail (telson).  

Have you ever gone to get glasses? Because you’ll never see horseshoe crabs going to the opticians. 
Horseshoe crabs can see very well! They have nine eyes scattered around the body to help with seeing things 
and photoreceptors on their tail to detect change in light! 

Illustration E3.1 - Although there was a 90% Population Drop between 2000 and 2009, Horseshoe Crabs are Still Not Protected in Hong Kong

Horseshoe crabs have no jaws, so they will use their legs to crush hard food before moving it to their mouth. 
A horseshoe crab has six pairs of legs, with the closest set acting as pinchers near their mouth under their 
helmet-like shell. The long tail is used for balancing (similar to the behaviour of birds) and will flip itself over 
when it is turned upside down.  

E3

A Horseshoe Crab has Moulted to Grow Bigger 

You know how snakes shed their skin? Well horseshoe crabs do something similar too! Snakes will shed, and 
horseshoe crabs will moult their exoskeleton, averaging 16 times before they mature.  

Horseshoe crabs take nine to 12 years to mature and they live for an average of 20 years. If you ever see a 
pile of horseshoe crabs all over each other – well, they’re probably mating. During the breeding  season, adult 
horseshoe crabs move into shallow coastal waters. Males will select females, then cling onto her back. The 
female digs a hole in the sand and lays her eggs while the male fertilizes them at the same time. Females 
can lay between 60,000 to 120,000 eggs in a season. The female can lay and hatch a lot of babies, but the 
survival rate of a horseshoe crab in its first year is only 0.001%. Due to natural factors such as predation and 
many more human factors which are addressed later.  

The oldest known horseshoe crab species (lunataspis aurora) was discovered by scientists in 2008 and is 
estimated to be more than 450 million years old (that’s 164,250,000,000 days and counting!).
Horseshoe crab populations began in the late Ordovician period of the Palezoic era, that’s 200 million years 
earlier than dinosaurs, who lived in the Jurassic period of the Mesozoic era. 

Where Can We Find Horseshoe Crabs in Hong Kong and What Kind of Species Are They? 

There are four species of horseshoe crabs, three out of four seen in Hong Kong. Tri-spine (tachypleus tridentatus) 
and mangrove (carcinoscorpius rotundicauda) horseshoe crabs are most frequently seen. Tachypleus gigas’ 
appearance has been recorded in other literature, but not frequently seen in data surveys. The final species 
is the Atlantic or American horseshoe crab (limulus polyphemus) – this species is found in the Atlantic Ocean.  

Horseshoe crabs can be found in the west and north-west side of Lantau Island. Adult horseshoe crabs stay 
in shallow to deep waters of Hong Kong’s waters (20m-30m underwater). While juveniles can be found in 
mudflats or sandy beaches. 
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What are the Reasons for the Decline in Population?  

Horseshoe crabs are living fossils that have survived two mass extinctions, but their population has been 
decreasing drastically. Entanglement in ghost nets leads to starvation or suffocation, plastic pollution and 
urban development in nursery beaches results in habitat loss, and human exploitation for food, conch bait 
and medical uses are all reasons for the 90% drop in population between 2000 to 2009. A study in 2012, 
indicated there were less than 10,000 local juvenile horseshoe crabs left. With the current population between 
4,500 to 7,300. 

Horseshoe crabs are not protected under the Wild Animals Protection Ordinance in Hong Kong, hence, 
selling and possession of horseshoe crabs is still allowed.   

A Horseshoe Crab Entangled in Ghost Nets Selling of Horseshoe Crabs 

Conservation Status 

Able to outlive previous mass extinctions, the four species of horseshoe crabs are yet to “escape” from 
human impact such as habitat loss, climate change, the pharmaceutical industry and fishery activities. The 
International Union for Conservation of Nature (IUCN) Red List has recognised the need to protect the species. 
In 2006, the American horseshoe crab is recognised as Vulnerable status, the Tri-spine horseshoe crab is 
recognized as Endangered status, whereas the Indo-pacific horseshoe crab and mangrove horseshoe crab 
are recognised as Data Deficient status despite an observation of drop in population. 

In 2021, the Tri-spine horseshoe crab and mangrove horseshoe crab were enlisted on the list of endangered 
and protected species of China to further prohibit harvesting and trading of the animals without authorization.  

Efforts Made by OPCFHK in Horseshoe Crab Conservation 

OPCFHK frequently give talks at local schools to talk more about marine pollution and horseshoe crabs. 
Secondary school students may have an opportunity to take care of juvenile (young) horseshoe crabs that will 
be eventually released into the wild after six months. You might get this chance too!

OPCFHK Frequently Gives Talks at Local Schools

The OPCFHK Community Called Friends of Foundation Organise Mudflat Clean-ups

OPCFHK has also sponsored conservation projects: In 2011, OPCFHK sponsored the first ‘International 
Workshop on the Science and Conservation of Asian Horseshoe Crabs’ in Hong Kong, gathering a group of 
internationally acclaimed experts to develop a strategy to conserve horseshoe crabs in Asia. 

In 2021, OPCFHK joined groups from the Mainland and other Asian locations as an alliance to monitor the 
horseshoe crab population, which enabled us to integrate regional conservation efforts on the horseshoe 
crab and protect the coastal ecosystem. Furthermore, the Hong Kong Juvenile Horseshoe Crab Population 
Survey also opened to students, members from the commercial sectors and the general public in 2014 to 
participate in conducting population surveys at 17 different spawning and nursery sites of horseshoe crabs in 
Hong Kong. The data collected there feeds into a larger database, where we can identify trends in population 
changes over time. The data will also document the amount and distribution of juvenile horseshoe crabs in 
Hong Kong.

OPCFHK also has a community called Friends of Foundation, they organise mudflat clean-ups with the general 
public or corporates to restore and clean the habitats of horseshoe crabs.

What Can We Do to Protect Horseshoe Crabs?  

SAY NO to eating horseshoe crabs at restaurants, you could also ask your families to stop eating them. That 
would be even better! 

Organise your own beach clean-up, buy less plastic (eg. use reusable water bottles) and bring your litter home!  
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Case Study: Hong Kong Oyster Reef Restoration

The Nature Conservancy Hong Kong

What is an Oyster Reef?

The term ‘Oyster reef’ refers to a structural feature in coastal estuarine waters created through the aggregation 
and accumulation of oysters. Oysters, like other habitat-forming bivalves, like to live in aggregations, building 
on top of each other, resulting in structure-forming populations. These structures can vary in height and 
complexity depending on the species, as well as the depth of water and other physical attributes of the bay, 
estuary and coastal environment. When the aggregation forms a single layer with limited height they are 
sometimes referred to as an ‘oyster bed’.

E4

Benefits from Oyster Reefs

Oyster reefs provide a diversity of benefits to nature and people. Oysters are filter feeders, which means that 
they draw particles from the water column and deposit both digested and inedible material onto the seabed. 
This acts to clear particles from the water column, which increases water clarity. The deposition of material 
onto the sea floor also acts to stimulate the bacterial community in converting nitrate pollutants to inert 
nitrogen gas through a process called denitrification. 

Illustration E4.1 - Oyster Reefs Act As a Filter to Help the Ecosystem to Strive Illustration E4.2 - A Worldwide Effort Focuses on Restoring Oyster Reefs, with an Estimated 15% Left

Oysters need to attach to hard surfaces for survival, they will go for anything available, but they prefer settling 
onto other living oysters or shell material, this is how they come to build reef systems. As habitat creators 
oysters provide multiple ecosystem services. The number and abundance of other species found on oyster 
reefs tends to far exceed those found in soft sediment habitats like mudflats, which is the only thing left when 
oyster reefs are taken out or become too degraded.

The complex three-dimensional structure provides a site for settlement for sessile animals, and crevices for 
small individuals to take refuge from predation. This, combined with the greater food availability resulting from 
the deposition of nutrient particles, make shellfish reefs an ideal home for many juvenile fish, crustaceans, and 
other organisms.

Global Loss of Oyster Reefs – 85% Disappeared

Oyster reefs have seriously suffered from over-harvesting, commercial dredging for lime, coastal development 
(eg. land reclamation) and water pollution. An estimated 85% of shellfish reefs have been lost, making it the 
most endangered marine ecosystem on earth. That is why there are growing efforts to restore them around 
the world. 
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History of Oyster Cultivation in Hong Kong

The Hong Kong oyster industry goes back 700 years, and the traditional oyster cultivation methodology 
was developed in the early Song Dynasty. The traditional method of oyster cultivation (also called “bottom 
cultivation”) and method for making oyster sauce have been designated as Hong Kong’s Intangible Cultural 
Heritage. “Bottom cultivation” means oyster farmers lay out bare substrate (hard materials) on the mudflat, 
allowing for oyster larvae present in the water column to settle naturally. Oysters usually will reach marketable 
size and are ready to harvest after three to four years. In contrast with “raft cultivation”, which means farmers 
grow their baby oysters under floating rafts in shallow water.

Traditional oyster cultivation encourages sustainable harvesting practices because oysters are only harvested 
well beyond maturity. As oysters reach reproductive maturity at about one year old, this leaves them plenty of 
time to reproduce. This helps sustain natural wild oyster populations, including native oyster species in Hong 
Kong. The brackish waters of Deep Bay makes it ideal for growing oysters (a mix of salty and fresh water). 
Deep Bay has been an important oyster cultivation zone in Hong Kong for at least 250 years. Today, oyster 
farming in Deep Bay is a sunset industry, with less than a hundred active oyster farmers left. 

Oyster Restoration in Hong Kong

The artificial oyster clumps in the abandoned traditional oyster farm on mudflats in Deep Bay are still full of live 
native oysters that can provide habitats to many other living creatures. However, man-made oyster farms are 
not quite the same as naturally occurring oyster reefs, which have much denser oyster populations and are 
not as spread out. 

Using the shellfish restoration expertise gained from over 150 projects around the world, The Nature 
Conservancy (TNC) has embarked on an ambitious effort to understand and quantify the ecological benefits 
of oysters and to restore shellfish reefs in Hong Kong. TNC has piloted two restoration sites in Deep Bay to 
bring back natural oyster reefs. 

TNC Hong Kong also conducted a small-scale 
development in Yung Shue O, Tolo Harbour, 
which also used to have widespread shellfish and 
coral reefs. As Tolo Harbour does not have an 
abandoned oyster farm, we used another method 
of deployment – putting recycled oyster shells into 
biodegradable mesh bags and deploying them 
into shallow waters as three-dimension structures, 
which aimed to facilitate the oyster larvae settlement 
and eventually turn it into an oyster reef.

Since deployment, ongoing monitoring of the reef’s 
growth and its impact on biodiversity is conducted 
regularly. These pilots are essential for data 
collection and developing restoration methods to 
scale-up future oyster restoration efforts in Hong 
Kong waters.

Since 2020, we have also started a large-scale 
oyster restoration effort in Pak Nai with the support 
from local community stakeholders.

Oyster Shell Recycling Campaign in Hong Kong

As we need to make use of recycled oyster shells for the restoration in Tolo Harbour and other areas of Hong 
Kong, TNC is embarking on a new initiative called “Save Our Shells” that will recycle and reuse discarded 
shellfish shells, such as oysters and mussels, from the local aquaculture and restaurant industries, giving 
shells (that would normally go into landfills or discarded as trash on the shoreline) a new purpose.
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Other Habitat Management Work Together with Oyster Restoration

In addition to oyster reef restoration, we also carry out other types of habitat management whilst monitoring 
the outcomes on local biodiversity, for example, we conduct horseshoe crab population surveys, seagrass 
mapping, removal of invasive species – smooth cordgrass, and invasive mangroves species, and beach 
clean-ups, in Pak Nai.

What Can You Do to Protect Oyster Reefs? Ridge to Reef (R2R) Concept

Through rivers and streams, everything that happens on land (eg. sewage and litter) will have an impact on 
the estuary downstream, including intertidal habitats and eventually, the sea. So healthy and clean rivers 
are crucial to maintaining healthy estuaries, wetlands and oyster reefs. Therefore, the International Union for 
Conservation of Nature (IUCN) developed the “Ridge to Reef” (R2R) conservation initiative that links the river 
basins from land to coast, to better manage water resources and ecosystems. This initiative also applies 
to Hong Kong being a coastal city, where proper management of coastal ecosystems is crucial to support 
people’s livelihoods and increase income from fisheries and tourism. The R2R concept can be applied to 
all of us in our daily life, for example, you should reduce water consumption, replace household chemical 
detergents with natural substitutes, and choose organic crops, etc. Because all the pollutants that end up in 
our rivers will eventually end up in the sea.

E5

Yamme Leung 
Director, Education, WWF-Hong Kong

Big Issues of Microplastics School Partnership Project was sponsored by the Environment and Conservation 
Fund (ECF), it has involved partnerships with 10 primary and 10 secondary schools with an aim to increase 
students’ knowledge of local marine biodiversity and awareness of the impacts of microplastics on oceans 
and humans. Project activities mainly included visits to Hong Kong’s Marine Parks, science workshops, 
microplastics surveys and roving exhibitions at schools.

Under the theme of microplastics, learning and teaching materials presented in this case study include a student 
take home kit which provides students and their family members with guidance to conduct science workshops 
at home, as well as an exhibition panel set which facilitate whole school’s participation in marine conservation 
through combating against marine plastics. The materials were developed under close collaboration between 
WWF-Hong Kong and project partner schools.

Case Study: 
Big Issues of Microplastics, School Partnership Project 
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Case Study: Coral Communities in the Tolo Channel

The Chinese University of Hong Kong Coral Academy 

Background

The Tolo Harbour and Channel is a sheltered harbour located in the north-eastern New Territories of Hong 
Kong. Its topographical features provide an enclosed and protective environment that once harboured more 
than 30 coral species with high coral coverage. Nonetheless, the urban reclamation along the inner harbour 
coupled with the booming human population residing nearby in the 1980s have enormously devastated the 
marine environment and ecosystems. 

The drastic rise in anthropogenic activities, involving agriculture, piggery, and industry, unavoidably led to 
a tremendous increase in the production of organic sewage being discharged into the water stream. As 
a result, the excessive nutrient levels in waters formed a pollution gradient, rendering frequent occurrence 
of eutrophication and algal bloom. As this tragic incident has been infamously known as Hong Kong’s first 
marine ecological disaster, the local government decided to take progressive action to address the heavy 
water pollution problem caused by ineffectual wastewater treatment. 

E6

Illustration E6.1 - After a Marine Ecological Disaster, there has been No Sign of Natural Recovery of Corals since 1987 in Tolo Harbour

Despite the significant improvement of water quality followed by the implementation of the Tolo Harbour Action 
Plan (THAP) in 1987, there have been no signs of natural recovery of coral. In the current time frame, it shows 
that natural recruitment of coral is necessary, but is not sufficient to restore the damaged coral communities. 
An active restoration plan using transplants may therefore be needed.

Restoring Coral Communities to Meet a Changing Climate 

Currently, most efforts in reef restoration have focused on using asexual propagation of coral, eg., fragmentation 
of source colonies for transplantation. This approach relies heavily on the availability of existing corals from 
natural environments and limits genetic diversity of the restored coral colonies. Sexual propagation techniques 
involve the collection of egg bundles from corals during spawning, allowing them to fertilize and develop into 
larvae/juveniles before re-introducing them back to the degraded sites. Taking advantage of the high fecundity 
of most corals, this approach has negligible damage to source colonies and offers the promise of greater 
genetic diversity of the transplanted coral colonies that is likely to improve the adaptive potential of these 
corals from future disturbance.

Restoration in Action!

In 2019, a research team led by Dr Apple Chui from the Chinese University of Hong Kong (CUHK) out-planted 
around 200 coral fragments in the Bush Reef and the Knob Reef for the purpose of coral restoration and 
monitoring at an experimental scale. Five genera of coral, originating from one branching genus (ie. Acropora) 
and four massive/submassive genera (ie. Platygyra, Porites, Leptastrea and Cyphastrea) were used (see 
photographs below). 

On-going post-outplant monitoring has shown these outplants to have high survivorship (> 93%), positive 
growth, and they eventually became homes for other marine organisms including seahorses (see photographs 
overleaf). 

Illustration E6.2 - Restoring Corals Goes through Pushing them to Reproduce Themselves

Out-planted Coral Fragments (from Left to Right), including Acropora, Platygyra, Porites, Leptastrea, and Cyphastrea

152 153



Corals Out-planted onto the Natural Sea Floor at Knob Reef (Left) and Out-planted Coral Fragments with a Seahorse Sheltering Nearby (Right)

The Lab Nursery Allows Coral Babies to Grow Strong in a Safe Environment (left) and Out-planted Juvenile Coral Acropora Pruinosa in Knob reef, 
monthly photos from June 2019 to June 2020 (top left to bottom right), Scale is 5 cm

In addition to the use of asexually propagated corals, the team also carried out a preliminary scale study in 
2019-2020 using sexually propagated juveniles of acropora pruinosa corals for out-planting. These juvenile 
corals had been cultured in the coral nursery at the Simon F S Li Marine Science Laboratory, CUHK, until they 
reached the size of 2 cm and were then out-planted in 2019. Subsequent post-outplant monitoring revealed 
these corals to have high survivorship (> 95%) and positive growth (see photographs below). 

Secondary School Students are Helping to Restore Our Local Coral Communities

Since 2019, AFCD and Dr Apple Chui have been co-organising the Coral Nursery Education Programme. 
Apart from learning about the biodiversity and importance of Hong Kong’s coral communities, secondary 
school students joining the Programme are engaged in taking care of local coral juveniles and fragments, 
placing them at the frontline of marine conservation work and contributing directly to local coral restoration 
(see photographs below). 

Workshops are Organised to Equip Students with Coral Identification and Nurturing Skills (Left), Students Taking Care of Coral Fragments in their 
School Campus (Middle) and Adopted Corals are Tagged to Facilitate Tracking Upon Out-planting (Right)

Illustration E6.3 - By Combining Daily Lifestyle Changes and Global Effort, we can Stop and Reverse our Past Mistakes

Please scan the QR code or click here for Part E further information and references.
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