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1. Introduction 

The ocean world on which Earth depends for relatively 
constant weather, temperature and provisioning of 
goods and services is now changing more rapidly  
than it has for millions of years. This is due to 
human interactions with the atmosphere and land, 
and increasing expansion of the footprint of human 
impacts across the ocean. 

It is increasingly evident that patterns and trends  
in ocean and atmospheric responses are falling  
outside recognised norms. People living in poverty 
are particularly vulnerable to ocean risks, so this 
workshop is a critical part of developing a longer- 
term strategy on ocean risk – to drive adaptation 
and to limit impacts on the poor and vulnerable from 
existing and emerging hazards.

The aim of this workshop was to investigate the 
underlying hazards, vulnerability and risks, and the 
probable impacts that these may have on elements 
critical to the future health and wellbeing of  
communities. 

The intended outcome was to gain consensus on 
what this looks like and to create a visual narrative 
to describe hazards, vulnerabilities, and risks. Thus, 
the workshop would be a critical step towards ex-
plaining and describing ocean risk. 

2. Defining ocean risk and 
organisation of the  
workshop sessions

The starting point of the workshop was an explana-
tion around the principles of ocean risk. The con-
sequences of ocean warming, combined with other 
stressors such as ocean acidification and deoxygen-
ation, need to be traced through the hazards they 
are creating and how much translates into risks to 
people and the environment (Figure 1).

Understanding the definitions of hazard and risk and 
the relationship between them (Figure 1) is to under-
stand what ocean warming holds for society in the 
future, what risks can or could be manageable as a 
result, and on what timescales action must be taken.  
It is also to create a common language between the  
insurance and private sectors on the one hand, and 
the conservation and marine science sectors on the 
other. How much is actually ‘manageable risk’, as 
opposed to greater uncontrolled impacts on society, 
determines the degree of changes needed in life-
styles, livelihoods and in political decision-taking 
and action. 

The focus of the workshop was therefore to take a 
‘deep dive’ – to explore the definition of hazard, risk 
and vulnerabilities, and to create a simple narra-

Figure 1. Degree of ocean risk and its relationship to the definitions of hazard and risk



tive to explain this to a wide audience. The outputs 
would accordingly be useful for reports on ocean 
risk in preparation for the Bermuda Ocean Risk 
Summit in mid-2018, and for other initiatives well 
beyond that into the future. 

In introducing the workshop, the subsequent  
discussions drew out a number of key points:

• We are entering an era of uncertainty about what’s 
going to happen. What we do know is that it will 
get worse if we don’t do anything. It is important 
that we achieve full comprehension of the issues 
we are facing and how they translate into risk, to 
inform appropriate action. 

• There are significant unknowns. For example, 
there are huge changes in the amount of heat 
the ocean takes up: ~93% of heat is ending up 
in the ocean (with ~1% going back up to the 
atmosphere) and there is an assumption, but no 
certainty, that this will continue. Any change in this 
scenario would have a significant impact.

• It is important to identify the different ways in which 
humanity is vulnerable, and to spread awareness 
of these various vulnerabilities. For example, in 
some countries there is awareness of increased 
storm activities but not so much on rising tempera-
tures and the impact each has on infrastructure 
and people.

• It is necessary to show the impacts that the ocean 
has on all aspects of human society (terrestrial as 
well as coastal), to fully engage with the vulner-
abilities and risks arising, including economics, 
society, technology, etc. 

• In grappling with the risks arising from ocean deg-
radation, we need to develop a common language 
so that the issue can be understood and engaged 
with by multiple sectors.

3. Exploration of ocean hazards

A range of hazards are arising because of climate- 
driven changes to the ocean, coupled with how 
human uses have changed or weakened marine 
systems. These various stressors interact with each 
other to hasten and/or increase hazards. The first 
exercise of the workshop was to quantify the na-
ture and variety of changes occurring in the global 
ocean, in line with the overall workshop definition of 
ocean risk. 

A hazard is defined as a danger, threat or menace 
that can cause harm or damage to life, health, prop-
erty, or the environment. Hazards can be dormant or 
potential, with only a theoretical probability of harm. 
An event that is caused by exposure to a hazard is 
called an incident. Identification of the hazards is the 
first step in performing a risk assessment. 

This workshop session resulted in the identification  
of four major dimensions driving the formation of  
significant ocean risk. 

The two dimensions identified that are most directly 
associated with the changing ocean are:

• harmful changes in ocean physics and chemistry; 
and

• inappropriate human uses and ocean interactions.

The other two dimensions have more indirect  
associations and focus on:

• ineffective ocean policy, governance and leader-
ship; and

• interactions between the ocean and other Earth  
systems.

 
Under each of these dimensions driving the forma-
tion of significant hazard, the following factors were 
recorded.

Changes in ocean physics  
and chemistry
Methane

Acidification

Changes in ocean chemistry

Rising temperature and stratification

Ocean currents and winds

Hypoxia

Nutrient changes

Human use/ocean interaction
Pollution

Extraction

Ocean use change

Societal disconnection

Geoengineering

Change in ocean use

Shipping

Harmful ecosystem change

Resource competition

Military use

Seismic testing

Aquaculture

Bioprospecting

Pipelines and cables

Renewable energy generation

Tourism

Recreation

4
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Figure 2. Constituent inter-related aspects that form four key dimensions driving the formation of significant ocean hazards

Drivers of significant ocean hazard
Climate-driven changes to the ocean, coupled with human activity that is changing  
and/or weakening marine systems, are driving a range of potential hazards that could 
cause harm and damage to life, health, property and the environment.  
The drivers can be divided into four key dimensions, which interact to increase or 
hasten hazards. A further six contributory factors – shown around the outside – 
crosscut and act on all four dimensions. 
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Ocean policy and governance
Piracy

Political leadership

Territorial conflicts

Political priorities

Lack of policies/legislation

Loss of nations

Ocean Earth system interaction  
(terrestrial/atmosphere ocean interaction)
Agriculture

Sea-level rise

Sea incursion

Loss of nation

Weather system change

UV

El Niño

Sea ice loss

Cross-cutting  
(or listed across all four sections)
Habitat loss

Pathogens

Invasive species

Political exchanges in leadership

Lack of governance

Unsustainable human development

In developing the framework set out above, the following 
points were drawn from the ensuing discussion.

• The determination of the dimensions and component 
factors is important because it ensures that key 
hazards are taken into account in identifying risk. 
However, an additional and significant threat lies 
in the interaction of many of these factors and the 
essential interconnectivity of the whole ocean.

• There is a great deal of complexity and interconnec-
tivity which has to be reflected. For example:

¡  melting of sea ice is largely a consequence of rising 
temperatures and wind, leading to another hazard, 
sea-level rise, leading to effects such as the loss of 
tundra, which will result in a massive loss of carbon 
reserves;

¡ temperature rise, leading to new shipping routes 
and increased shipping, which in turn leads to an 
increase in invasive species;

¡ habitat destruction leads to the loss of coral reefs, 
which leads to a loss of their barrier function to 
coastal erosion and protection from storm surges.

• There are new threats emerging: 

¡ changes in how we use the ocean – with the 
addition of pipelines and cables, renewable energy, 
aquaculture; 

¡ increasing extraction of rare earth metals – we 
will potentially see an explosion in impacts arising 
from this; 

¡ resource competition due to, for example, mass 
migration, over population.

• There are as yet unknown threats such as: 

¡ advances in geoengineering (deliberate large-scale 
intervention in the Earth’s natural systems to  
counteract climate change) that pose a hazard to 
the ocean: one example is iron fertilisation;

¡ nanotechnology;

¡ decarbonisation and an increased move to the 
ocean for power.

• Our predictive capacity is limited by the gaps in our 
knowledge. The models used to identify tipping points, 
for example, are only as good as what we know – and 
so we get caught out.  A serious threat lies in the lack 
of scientific funding, which would help us to fill in the 
gaps and improve our predictive ability. 

• The lack of governance, implementation and enforce-
ment are all significant threats in their own right, which 
exacerbate the risks.

• A basic lack of ocean literacy – understanding the 
role of the ocean at an Earth system level –  
compounds the risks.
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4. Exploration of causes of  
vulnerability to ocean risk

The workshop scoped the issues around vulnerability 
and through an in-depth discussion identified six in-
ter-related areas that drive vulnerability in this context.

Under each of these drivers of vulnerability, the  
following contributory factors were recorded by  
workshop participants:

INHERENT OCEAN SYSTEM  
SENSITIVITY
Primary production    

High connectivity in ocean

Dying coral reefs

Rate/speed of change – running out of time

Feedback loops are long

Interconnectivity of ocean/whole ocean vs  
management, e.g. straddling stocks

Ocean literacy, one ocean, e.g. El Niño effect from 
Pacific to Indian Ocean

Cumulative impacts

Tipping points

Hysteresis (challenge of reversing changes that take 
place)

INADEQUACY OF SCIENCE
Lack of resources/funding

Lack of real time data, observations, knowledge

Current scientific model and related issues  
(communications, data governance, no sharing, open 
access, speed of publication, collaboration, lack of 
data overlap)

Lack of scientists

Lack of transparency in commercial data (fish, oil)

Usability/accessibility of science

Capacity

CHALLENGES AND ISSUES RELATED TO 
POLITICAL WILL AND COMMUNICATIONS
Political cycles out of time with biological

Funding cuts for science

Long-term view needed but short-term taken

Ocean literacy

Faith-based decision making

Feedback loops are long

Multinationals/abuses beyond law/politics

Not enough laws, e.g. high seas

Reactive to hazards not proactive

Lack of preparedness for risk

Humanitarianism and environmental disconnect

Governance vacuum

Inadequate transparency of decision making

Making-it-worse decisions

CHALLENGES AND ISSUES AROUND  
GOVERNANCE AND IMPLEMENTATION
Not enough implementation

Poacher/gamekeeper

Humanitarian and environmental disconnect

Lack of governance

Governance vacuum

Lack of integration best practice

Lack of planning for coastal cities

Lack of good/adequate planning

Push back on regulation

Enforcement

Liability

Jurisdictions

Regulations

Lack of regulation for technology

VULNERABLE DUE TO SOCIAL GAPS
Capacity in developing nations and other

People don’t want bad news – the 'ostrich head-in-the-
sand' effect 

Lack of appreciation that humans impact the ocean, 
and vice versa

Low priority for poor (disenfranchised); rich  
powerful beyond the law

High levels of some developing nation  
engagement but lack of funds/opportunities/ power

Lack of recognition of the value of the ocean  
beyond the economic

Invisibility of ocean – disconnection

Hazards making poor poorer

Urbanisation

Historical use of ocean

Freedom of the high seas

Resistance to change

Lack of shared language between sectors 

Not getting enough attention as a crisis

Perception that we can fix anything – technology hero

Public under-informed
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Figure 3. The six inter-related areas that drive human vulnerability to ocean risk

Drivers of global vulnerability 
to ocean risk
Six inter-related societal challenges have been identified 
as increasing vulnerability to ocean risk. A further three 
contributory factors – shown around the outside – crosscut 
and act on all six challenges.
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FINANCIAL AND ECONOMIC  
CHALLENGES
Incomplete framework between finance  
community and delivery initiatives

Short-term monetisation of ocean resource

Non-sustainable economic practice

Pricing of/trade in natural capital

Profiteering

Rights and assignments of assets

Economic need/drive trumps good planning –  
Wild West mentality

CROSS-CUTTING
Communication 
Ocean literacy
Urgency and scale

In addition, the discussion focused upon and drew 
out the following key issues.

• The interconnectivity of ocean systems is a major 
vulnerability:

¡ We are vulnerable because the ocean is far more 
connected than the terrestrial realm and subject to 
the cumulative effects of multiple stressors. This is 
in turn exacerbated by our lack of understanding of 
how stressors interact with one another/together.

¡ There are inherent biological sensitivities in the 
ocean system to environmental change – for 
example primary production, which is influenced 
by eutrophication, stratification, temperature, and 
itself has massive consequences for the system.

¡ The feedback loops of change within the ocean 
are long but the scale of change can be much 
faster than generally anticipated.

¡ It is inherent in ocean sensitivity that when a 
system changes it is very difficult to get it back 
to its original state (‘hysteresis’).

¡ As an example of interconnectivity, the Indian 
Ocean is becoming much warmer at deeper levels 
due to the El Niño effect in the Pacific Ocean.

• In addition to the direct impact humankind has on 
the ocean (for example from extraction), it has an 
indirect impact which also contributes to our  
vulnerability. For example:

¡ A persistence in doing the wrong thing/continuing 
with damaging behaviour.

¡ The short-term optimisation and monetarisation 
of the ocean – extracting a profit from an essen-
tial natural resource for the benefit of a few.

¡ A lack of ownership, allocation of rights and  
accountability.

¡ Inadequate governance, implementation and 
enforcement including a lack of law governing 
two-thirds of the ocean (high seas).

¡ Short-term decision making and disjointed  
responsibility.

¡ The lobbying of powerful actors with a vested 
interest in the freedom to exploit. 

• Another overarching vulnerability which was high-
lighted repeatedly was lack of scientific knowledge 
and funding. We know enough to act but need to 
better understand areas such as interconnectivity 
to improve crisis readiness and avert risk.

¡ Scientific models are hindered by a lack of both 
knowledge and long-term and real-time data. We 
cannot test the models as we do not have the 
fundamental data to plug into them. There is also 
poor data governance and too much data-locking. 

¡ The reviewing process is too slow and holds up 
the sharing of important information.

¡ Although we need more data, it must be possible 
to combine in a consistent way to be useful and 
to avoid data overload.

¡ The lack of scientific funding and resources 
compounds and drives the current model of  
scientific research around short-term  
examination and publication with a lack of 
cross-communication and sharing of material. 

• Flaws and gaps in communications was also a  
common theme – for example, between scientists,  
with governments and between sectors. This is  
compounded by very poor ocean literacy – the  
fundamental understanding about the role of the 
ocean at an Earth system level and its blow-back 
effect on humans.

• The economic model is not appropriate for the 
challenges we face. 
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5. Exploration of ocean risk 
and communication issues

 

The workshop considered how vulnerabilities and 
risks could be identified at a regional or specific  
location level and shown in a useful way. A number 
of examples were considered to explore the  
possible approaches to achieving this.

Acidification was discussed as one of the easier risks 
to recognise now and predict into the future and was 
used as a working example:

• There is a risk from low oxygen levels (deoxygen-
ation) and low aragonite saturation levels.

• Below an aragonite saturation state of 3.3, corals 
can’t survive (carbonate accretion on coral reefs 
approaches zero or becomes negative). An arago-
nite saturation map shows that only the Red Sea 
will avoid significant impact.

• Pteropods (major part of the diets of some com-
mercially valuable fish species) will not be able to 
build their skeletons at all.

• In regions experiencing low carbonate saturation 
(eg. parts of the Caribbean), we are seeing the 
crumbling and erosion of coral reefs.

• Estuaries tend to have metal-rich polluted sedi-
ments. An increase in acidity leads to toxic sedi-
ments by making metals more labile.

• In Oregon, ocean acidification has resulted in 
collapses of shell fish industries, including oysters. 
Scallops cannot be grown in Chile, and the deep 
sea is at risk all over the planet.

The exercise identified a number of benefits to  
predicting risk into the future. In the case of  
acidification, one of these was that knowledge  
helps mitigation and planning for coastal fisheries,  
aquaculture and reef restoration.

There is potential to demonstrate some of these 
issues on a map. For example, when you put the 
latest maps of sea-level rise on a global scale map, 
you can see a broad band across the tropics (where 
the thermal limit of organisms is also being exceeded), 
and a drop in level around Greenland. There is a 
slow global average increase in sea level (change is 
in mm/year) but the greatest level of increase coin-
cides with the most populated areas on the planet.

Temperature rise (a hazard) is manifested in phe-
nomena such as mass coral bleaching and coral 
death and erosion. The combined effect is that the 
corals disappear, with impacts on:

• Food security

• Human health (including disease)

• Increased storms

• Sea ice loss

• Increase in piracy

• Loss of coastal infrastructure

• Impacts on livelihood

• Reduced tourism revenue.

The risks arising are complex and myriad to portray.

A tool might be deployed to mitigate one kind of risk 
but other threats might still undermine the action 
taken against the initial risk. For example, we might 
put efforts into coral restoration but then find it  
dissolves due to ocean acidification.

If, for example, we have risks A, B and C in the 
Mozambique Channel, and we suggest a package 
of responses to those risks, do they work together? 
If we put them together, are they going to enhance 
each other or inhibit each other?

The ultimate approach to understanding, recognis-
ing and predicting risk needs to be as dynamic as 
nature. An Ocean Risk Index, or similar, would need 
to show how the risk profile changes the types of 
solution, and recognise different regional responses 
(political, financial, etc.). It must be capable of  
reflecting the complexity of the ocean and the  
interactions between hazards.

There is a need to translate the risks into impacts 
that are understood by the risk industry and others. 
For example: ‘disruption of the global supply chain’; 
‘shipping and ports disrupted by extreme weather’; 
‘beach resorts closed to swimming due to pathogen 
risk’.

We need an integrated solution space.
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6. Concluding points from 
the workshop

At the end of the workshop, the participants identi-
fied seven topics that should form some of the next 
steps to help address ocean risk.

• Financial impacts 
The true financial costs of ocean risk impacts such 
as extreme storm events, coral bleaching and 
harmful algal blooms is unclear. Moving forward, it 
will be important to gather more consistent and in-
depth facts on the true scale of what is happening, 
including the knock-on effects on small to medium 
size enterprises that are often the life-blood of the 
economy.

• Ocean Risk Index 
There is a need to produce an integrated region-
alised framework to bring together the disparate 
information on hazards and risk into a sensible 
framework.

• Ocean risk scenario planning 
There is a need to think through what is actual-
ly happening on ocean risk, and what may still 
happen if we either continue business as normal 
or reduce emissions of CO2 in line with the Paris 
commitments. In the latter case, due to lag effects, 
change and risk will still happen for decades.  
Plotting these two scenarios would be very helpful 
to future planning and communication activities.

• Communication tools 
Creating more of a narrative around ocean risk 
would be very helpful. This could be drawn from 
globally representative case studies coupled with 
mapping, and built into an attractive communica-
tion tool.

• Ocean risk solutions briefs 
Helping stakeholders take steps away from 
heightened risk will be an important part of moving 
forwards. There is a need to develop ‘risk solution’ 
briefs with major stakeholder groups and across 
the private sector.

• Ocean risk action at local levels 
Mobilising known solutions and accelerating their 
application will be critical steps to help build and 
rebuild ocean resilience. This in turn can both 
insure against risk and help communities better 
cope with risk (e.g. rebuilding natural coastal 
defences). Looking at how such solutions can be 
better mobilised at the local coastal scale through 
practical projects would be helpful – removing 
barriers to implementation and speeding up  
application. 

• Policy integration and action 
It would be helpful for new work to look at how 
ocean risk intersects with the SDGs and other 
global and regional commitments. This is both 
from the view of better recognition of the problems 
but also as routes through which awareness and 
solution-orientated action can be achieved. 

Participants concluded that further workshops would 
be welcome to sustain the momentum being created 
and speed up the development of facts, communi-
cations tools and required products. 
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Appendix 1. Meeting agenda

Day 1 Thursday 30th November

12:00  Arrival

13:00  Lunch

14:00  Welcome and introductions

 Welcome from the funders of the  
 workshop 

 Purpose of workshop and process

 General housekeeping 
 announcements

14:30  Session 1: Introductory presentation  
 on ocean risk, the background to the  
 workshop and significance moving  
 forwards

15:00  Facilitated discussion on the human  
 interactions with the atmosphere and  
 land impacting on the ocean, and the  
 increasing expansion of the footprint  
 of human impacts across the ocean

15:30  Group brainstorm on hazards that can  
 contribute to increased ocean risk

 Output – hazards that may/will lead to  
 increased ocean risk

16:00  Coffee break

16:30  Session 2: Vulnerabilities that   
 change a hazard into a risk

17:00  Facilitated discussion leading to a   
 listing of global and regional  
 vulnerabilities – existing, emerging  
 and future. Why the hazards matter

 Output – listing of global and regional  
 increasing vulnerabilities that could/ 
 will lead to elevated ocean risk

18:00  Closing remarks for day one

18:30   Drinks 

19:30  Dinner 

Day 2 Friday 1st December

09:00  Arrival 

09:15  Recap of day 1

09:30  Session 3: What are the ocean risks  
 we should be concerned about?

 Facilitated discussion listing ocean   
 risks and reasons for concern

 Output – listing of ocean risks and  
 reasons

11:00  Coffee break

11:30  Session 4: Which ocean regions/  
 coastal regions may be vulnerable  
 and why?

 Facilitated discussion on ocean  
 regions with their coastal  
 communities, drawing broad  
 conclusions globally and regionally  
 on which areas may be most  
 vulnerable to what, and why

 Output – listing of global and regional  
 vulnerabilities based on current  
 hazards and projections and world  
 ocean map developed post-workshop

12:30  Closing remarks and next steps

13:00  Lunch

14:00  Departures
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Appendix 3. Backing paper

Hazards, vulnerabilities, global 
priorities and regional resilience

Exploring ocean risk

A backing paper to inform discussions at the ocean 
risk workshop organised by IUCN’s Global Marine and 
Polar Programme and World Commission on Protected 
Areas in partnership with XL Catlin and the International 
Programme on the State of the Ocean, and with financial 
support from the Swedish Ministry of the Environment 
and Energy, which made the workshop possible. 

Information compiled by Dr L. Woodall, Department of Zoology, 
University of Oxford 

WORKSHOP AIM
The aim of the workshop is to investigate the impacts that ocean 
change may have on the future health and well-being of communities. 
People living in poverty are particularly vulnerable, so this is part of 
developing a longer-term strategy to limit impact on the poor from 
new ocean risks.
This backing paper presents a selection of some of the latest 
research relating to ocean change, and case studies illustrating 
current threats to ecosystem services and coastal communities. 
This will help the workshop to define the nature and scale of the 
impacts of ocean change, and will inform discussion about current 
and emerging ocean risk – which is the consequence of exposure 
and vulnerability to the hazards caused by ocean change.
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Appendix 3. Backing paper (cont.)

2

Introduction 3

Part 1: Human impacts on the ocean

1.1.  Changes in the ocean        
5

 1.1.1  Extraction
 1.1.2  Shipping
 1.1.3  Habitat removal
 1.1.4  Pollution

1.2  Changes related to the atmosphere  9
  
 1.2.1  Warming
 1.2.2  Acidification
 1.2.3  Rising sea level
 1.2.4  Carbon sequestering
 1.2.5  Deoxygenation
 1.2.6  Extreme weather events

1.3  Cryosphere changes 11

Part 2: Emerging and current impacts

2.1  Case study 1: tropical coral reefs 12
  
 2.1.1  Threats

2.2  Case study 2: The Dogger Bank 15
  
 2.2.1  Threats
 2.2.2  Threats related to function
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Appendix 3. Backing paper (cont.)

3

The ocean realm on which Earth depends 
for constant weather, temperature and  
provisioning of goods and services is 
changing more rapidly than it has for  
millions of years. This is due to human 
interactions with the atmosphere and land, 
and expansion of human influence on  
the ocean.

It is increasingly evident that ocean and atmo-
spheric changes are falling outside recognised 
norms1. This threatens the ability of the ocean 
to function effectively and to provide essential 
services to humankind.

With threat comes risk, most apparently to the 
future health and well-being of local, coastal 
communities particularly those living in poverty.

To understand the level and nature of ocean 
risk, it is critical to harness our growing under-
standing of ocean complexity and interconnect-
edness, both within the ocean realm and with 
the land, atmosphere and cryosphere. 

New technological developments have enabled 
scientists to reach and explore new locations 
and understand more than ever before about 
the role of the ocean and its diverse ecosystems 
at an Earth system level. Recent studies have 
increasingly considered the role of the ocean in 
the functioning of the whole planet. These have 
often focused on the complexity and intercon-
nected nature of the various processes at work, 
enabling us to understand that the ocean is 
heterogeneous and complex. 

For example, new studies have revealed 
the distinct characteristics of different wa-
ter masses and the chemical and biological 
differences we can also now identify across 
oceanographic boundaries. This new knowl-
edge demonstrates the importance of under-
standing ocean-level patterns of diversity. We 
can begin to see a sophisticated and highly 
complex Earth-level system at work, made up 
of countless interactions.

1	 IPCC	(2014)	Fifth	Assessment	Report.	Cambridge:	Cambridge	University	Press

The ocean is a single, complex and intercon-
nected ecosystem, which interacts with the 
land, cryosphere and atmosphere to provide 
essential services (see Figure 1 The Earth 
system). Understanding the nature and value 
of ecosystem services – the processes through 
which natural ecosystems sustain and fulfil 
human life – is key to enabling us to assess 
the risk which damage to these services may 
pose2, 3, 4, 5, 6. These essential services are  
generally divided into four categories: 

• Provisioning (e.g. food and energy)

• Regulation and maintenance (e.g. climate 
regulation, dilution, flood protection)

• Cultural (e.g. tourism, symbolic, intellectual 
use)

• Support (e.g. primary production, nutrient 
cycling).

This backing paper aims to inform our consid-
eration of risks arising from human interactions 
with the ocean and interference with ecosystem 
services, and their potential impact on vulnera-
ble people. 

It presents a summary of some of the latest 
research on selected ocean risk factors and 
case studies that illustrate possible areas for 
discussion or attention by the participants.

For more information on the scale, nature and 
consequences of ocean warming, please see 
this IUCN report: 
https://portals.iucn.org/library/sites/library/files/
documents/2016-046-Summ.pdf
https://portals.iucn.org/library/sites/library/files/
documents/2016-046_0.pdf

2		 Westman	WE.	What	are	nature’s	services	worth.	Sciences.	1977;197:960-3.	
3		 Ehrlich	P,	Ehrlich	A.	Extinction:	the	causes	and	consequences	of	the	disappearance	of	species.	

1981.	
4	 Costanza	R,	d’Arge	R,	De	Groot	R,	Farber	S,	Grasso	M,	Hannon	B,	et	al.	The	value	of	the	world’s	

ecosystem	services	and	natural	capital.	nature.	1997;387(6630):253-60.
5		 Daily	G.	Nature’s	services:	societal	dependence	on	natural	ecosystems:	Island	Press;	1997.
6		 Assessment	ME.	Ecosystems	and	human	well-being:	current	states	and	trends.	Washington	

D.C.:	Island	Press;	2005.
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SERVICES
• Provisioning

•  Regulation and 
maintenance

•  Cultural

•  Support

The Earth system
The ocean is a single, complex and interconnected ecosystem, 
which interacts with the land, cryosphere and atmosphere  
to provide essential services. It is a core part of the  
Earth system, which makes life on Earth possible.
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The ocean is changing rapidly 
due to human stressors on: 
•  the ocean – fishing, pollution, 

acidification, warming, 
deoxygenation

•  the atmosphere – warming, more 
intense events eg storms

•  the cryosphere – melting ice 
exposing ocean, sea-level rise, etc

Hazard x Exposure

Vulnerability

DEGREE  
OF OCEAN  

RISK
=

RISK
•  Cumulative impacts affect the ability of the whole ocean to function.
• Ocean change poses hazards. 
Everyone is at risk, with the greatest impact and burden being felt by 
the world’s poorest people – those most vulnerable and exposed  
to the hazards.

RISK

IMPACTS
•  Habitat 

modification
•  Invasion of 

species
 • Acidification
• Warming
•  Carbon 

sequestration
• Deoxygenation
• Pollution
• Extinction
• Habitat loss
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This section summarises some of the latest 
findings about human impacts on the ocean 
– and how they may affect its ability to 
sustain ecosystems, regulate climate and 
weather, and provide services to humans. 

The findings fall into three groups:

• Changes in the ocean itself

• Atmospheric changes that are having an 
impact on the ocean

• Changes in the cryosphere (frozen parts 
of Earth systems). 

1.1 Changes in the ocean

1.1.1 Extraction

1.1.1.1 Fishing
Fishing activity has increased with improved tech-
nology, larger vessel sizes and human population 
expansion. A 2012 meta-analysis of fish and inver-
tebrate weight and economic value showed that 
stocks of 58% of species were below a biomass 
level that would maximise their yield, while only  
30% were sustainably fished1. 

In coastal waters 83% of fished coral reefs are  
missing more than half their expected biomass,  
and this affects their key ecosystem functions2.  
The Mediterranean and Black Seas are among  
the seas at risk from over exploitation3.

The predicted shift to fishing in deeper water is 
stronger than had been expected, suggesting that 
deep-water species and habitats are under more 
serious threat than hitherto assumed4. Deep-sea 
species are among the least-resilient fish popu-
lations and it is unlikely that some can be fished 
sustainably5. There is already evidence of serial 
depletion in some deep-sea fisheries, where stocks 
are removed from one area and then another area  
is targeted and the cycle repeated5.

1 Ricard D, Minto C, Jensen OP, Baum JK. Examining the knowledge base and status of 
commercially exploited marine species with the RAM Legacy Stock Assessment Database. 
Fish Fish. 2012;13(4):380-98. doi: 10.1111/j.1467-2979.2011.00435.x. PubMed PMID: 
WOS:000310273500002. 

2  MacNeil MA, Graham NAJ, Cinner JE, Wilson SK, Williams ID, Maina J, et al. Recovery potential of 
the world’s coral reef fishes. Nature. 2015;520(7547):341-+. doi: 10.1038/nature14358. PubMed 
PMID: WOS:000352974200037.

3 Tsikliras AC, Dinouli A, Tsiros V-Z, Tsalkou E. The Mediterranean and Black Sea fisheries at risk 
from overexploitation. PloS one. 2015;10(3):e0121188.

4 Watson RA, Morato T. Fishing down the deep: Accounting for within-species changes in depth of 
fishing. Fish Res. 2013;140:63-5.

5  Norse EA, Brooke S, Cheung WWL, Clark MR, Ekeland L, Froese R, et al. Sustainability of deep-sea 
fisheries. Marine Policy. 2012;36(2):307-20. doi: 10.1016/j.marpol.2011.06.008. PubMed PMID: 
WOS:000298219300001. 

The fishing technique known as deep-sea bottom 
trawling destroys fragile, slow-growing, cold-water 
coral and can also bring a large bycatch of non- 
target fishes such as sharks. The method is also 
thought to increase near-bottom water turbidity in 
both fished and non-fished areas6.

Meanwhile, the lack of knowledge about the life history 
of deep-sea species – even those that are economical-
ly important such as the Patagonian toothfish – makes 
the management of deep-sea fishing ineffective7.

Longline fishing is often deployed when trawling 
cannot be used. The method has increasingly been 
shown to be more damaging than previously thought, 
causing harm to coral8,9 and sponges10. Longline fish-
ing vessels focus on high productivity ‘hotspots’ and 
effectively track shark species that are also drawn to 
these areas and overfished, suggesting the need for 
ocean-scale management solutions11.

In the high seas, fast, open-ocean predators such 
as mackerel and tuna are among the most economi-
cally and socially important marine species, but their 
populations have been declining12.

The advent of genetic analysis has enabled scientists 
to detect previously unseen differentiation among fish 
populations that correlates to changes in salinity and 
temperature. For example, the extremely abundant 
and economically important Atlantic herring has been 
found to have discrete genetic structuring across its 
populations, highlighting the importance of managing 
species across their geographic range by preserving 
intraspecific genetic diversity13.

Changes in distribution of stocks caused by ocean 
warming are also being seen. North Sea cod  
distribution has moved northward, possibly caused 
by ocean warming, and eastward, probably because 
of fishing pressure. It may be important to look at all 
factors when making predictions on future change 
and how to sustainably manage it14.

6  Martín J, Puig P, Palanques A, Ribó M. Trawling-induced daily sediment resuspension in the flank of a Medi-
terranean submarine canyon. Deep Sea Research Part II: Topical Studies in Oceanography. 2014;104:174-83.

7  Aramayo V. A brief synthesis on the marine resource Patagonian toothfish Dissostichus eleginoi-
des in Peru. Rev Biol Mar Oceanogr. 2016;51(2):229-39. PubMed PMID: WOS:000382151100002.

8  Stone R, Stevenson D, Brooke S. Assessment of a pilot study to collect coral bycatch data from the 
Alaska commercial fishing fleet. 2015. 

9  Fabri M-C, Pedel L, Beuck L, Galgani F, Hebbeln D, Freiwald A. Megafauna of vulnerable marine 
ecosystems in French mediterranean submarine canyons: Spatial distribution and anthropogenic 
impacts. Deep Sea Research Part II: Topical Studies in Oceanography. 2014;104:184-207. 

10 Maldonado M, Aguilar R, Bannister RJ, Bell D, Conway KW, Dayton PK, et al. Sponge grounds as 
key marine habitats: a synthetic review of types, structure, functional roles, and conservation 
concerns. Marine Animal Forests Springer, Berlin http://dx doi org/101007/978-3-319-17001-
5_24-1 (in press, Major Reference Works Series). 2016.

11 Queiroz N, Humphries NE, Mucientes G, Hammerschlag N, Lima FP, Scales KL, et al. Ocean-wide 
tracking of pelagic sharks reveals extent of overlap with longline fishing hotspots. Proceedings of 
the National Academy of Sciences. 2016;113(6):1582-7. 

12 Juan-Jorda MJ, Mosqueira I, Freire J, Dulvy NK. The Conservation and Management of Tunas and 
Their Relatives: Setting Life History Research Priorities. Plos One. 2013;8(8):18. doi: 10.1371/
journal.pone.0070405. PubMed PMID: WOS:000323124000014.

13 Limborg MT, Helyar SJ, de Bruyn M, Taylor MI, Nielsen EE, Ogden R, et al. Environmental selection on tran-
scriptome-derived SNPs in a high gene flow marine fish, the Atlantic herring (Clupea harengus). Mol Ecol. 
2012;21(15):3686-703. doi: 10.1111/j.1365-294X.2012.05639.x. PubMed PMID: WOS:000306478800007.

14 Engelhard GH, Righton DA, Pinnegar JK. Climate change and fishing: a century of shifting distribu-
tion in North Sea cod. Global Change Biology. 2014;20(8):2473-83. 
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1.1.1.2 Minerals 
Under the auspices of the International Seabed  
Authority (ISA), exploration of the deep sea is 
underway with a view to commercial exploitation 
for minerals in the near future. The ISA is currently 
drafting a regulatory framework for deep-sea mining 
that includes measures for environmental protection15. 
Deep-seabed mining is justified under international 
law only if it benefits humankind16.

In September 2017, it was reported in the Japan 
Times that zinc, gold, copper and lead had been 
found off the coast of Okinawa at 1,600m, and that 
commercial mining will start in 2020.

Simulated mining and test sites have shown initial 
physical disturbance and some resedimentation. As 
a result, most taxa decreased in the short term with 
species diversity being more impacted than organ-
ism density. Some recovery was seen after one year, 
but even after two decades very few faunal groups 
returned to baseline diversity and density17.

Mining will modify the abiotic and biotic environment. 
At directly mined sites, species are removed and 
other mobile species, if not removed, migrate during 
disturbance. Recovery is highly variable in different 
ecosystems and among benthic taxa. Community 
changes may persist over geological timescales at 
directly mined sites18.

Studies investigating the potential impacts of mine 
tailing deposits suggest that resuspension plumes 
containing polymetallic sulphides could present a 
major environmental threat19.

However, it is currently difficult to conduct accurate 
environmental impact assessments. Highly special-
ized taxonomists and identification technicians are 
needed to obtain indicators of biomass, abundance, 
species richness, rare species, endemic species, 
dominant species or keystone species20. 

1.1.1.3 Oil and gas 
Findings from the Deepwater Horizon oil blow-out have 
increased our understanding of the impacts of oil loss 
on the ocean. For example, researchers found that 
much of the oil that surfaced eventually returned to the 
15	Lodge	M.	The	International	Seabed	Authority	and	deep	seabed	mining.	UN	Chronicle.	

2017;54(2):44-6.
16	Kim	RE.	Should	deep	seabed	mining	be	allowed?	Marine	Policy.	2017;82:134-7.
17	Jones	DO,	Kaiser	S,	Sweetman	AK,	Smith	CR,	Menot	L,	Vink	A,	et	al.	Biological	responses	to	distur-

bance	from	simulated	deep-sea	polymetallic	nodule	mining.	PloS	One.	2017;12(2):e0171750.
18	Gollner	S,	Kaiser	S,	Menzel	L,	Jones	DO,	Brown	A,	Mestre	NC,	et	al.	Resilience	of	benthic	deep-sea	

fauna	to	mining	activities.	Mar	Environ	Res.	2017.
19	Mestre	NC,	Rocha	TL,	Canals	M,	Cardoso	C,	Danovaro	R,	Dell’Anno	A,	et	al.	Environmental	hazard	

assessment	of	a	marine	mine	tailings	deposit	site	and	potential	implications	for	deep-sea	mining.	
Environ	Pollut.	2017;228:169-78.

20	Fukushima	T,	Nishijima	M.	Taxonomic	Problems	in	Environmental	Impact	Assessment	(EIA)	
Linked	to	Ocean	Mining	and	Possibility	of	New	Technology	Developments.	Deep-Sea	Mining:	
Springer;	2017.	p.	465-82.	

depths. The initial oil release resulted in oil constituents 
entering the food web, a reduction in planktonic grazers, 
the death of fish larvae and the loss of cetaceans21.

The released oil degraded the health of coastal marsh 
vegetation and associated fauna. Nearshore oyster cover 
was lost, and there was increased erosion of oiled marsh 
edge habitat over 174km of shoreline. Sand beach hab-
itat, aquatic vegetation, and subtidal oysters were all af-
fected by a combination of oiling and response actions22.

Benthic habitats showed no recovery after one year, 
with soft and hard bottom impacts being found up to 
14km away. Impact on coral colonies varied greatly, 
with some not damaged at all, but others suffering 
branch mortality and subsequent loss23.

1.1.2 Shipping

Shipping remains the method by which most goods are 
moved around the globe and there has been a signif-
icant increase in shipping for leisure through cruises. 
There is evidence that shipping has various ocean im-
pacts, such as promoting species invasion and causing 
environmental damage through noise and discharge.

Ballast water and hull fouling are closely linked with 
species invasion, even though there are regulations 
to prevent this from happening. A review in the NE 
and SW Atlantic found that the most common vectors 
for invasive species were ballast water and biofoul-
ing24. Prediction models show that the highest risk of 
species invasion from ballast water is on routes  
between northern Europe and East Asia, with the 
North Sea singled out as of particularly high risk25.

Some countries are now undertaking assessments 
to help them prioritise control measures. For exam-
ple, Cuba has identified 15 alien invasive species 
and one, the Asian green mussel, had repeated 
harmful economic impacts26.

Scour from ice breaking has been identified as a new 
potential route for species invasion. Some surveys 
have shown microbial/algal biofilms and barnacles 
in the vicinity of intake ports, demonstrating the 
potential for non-native species to be transported to 
Antarctica on vessel hulls27. 
21	Camilli	R,	Reddy	CM,	Yoerger	DR,	Van	Mooy	BA,	Jakuba	MV,	Kinsey	JC,	et	al.	Tracking	hydrocar-

bon	plume	transport	and	biodegradation	at	Deepwater	Horizon.	Science.	2010;330(6001):201-4.
22	Baker	MC,	Steinhoff	MA,	Fricano	GF.	Integrated	effects	of	the	Deepwater	Horizon	oil	spill	on	

nearshore	ecosystems.	Marine	Ecology	Progress	Series.	2017;576:219-34.	
23	Fisher	CR,	Montagna	PA,	Sutton	T.	How	Did	the	Deepwater	Horizon	Oil	Spill	Impact	Deep-Sea	

Ecosystems?	Oceanography.	2016;29(3):182.	
24	de	Castro	MCT,	Fileman	TW,	Hall-Spencer	JM.	Invasive	species	in	the	Northeastern	and	South-

western	Atlantic	Ocean:	A	review.	Mar	Pollut	Bull.	2017.	
25	Seebens	H,	Gastner	MT,	Blasius	B.	The	risk	of	marine	bioinvasion	caused	by	global	shipping.	

Ecology	Letters.	2013;16(6):782-90.	doi:	10.1111/ele.12111.
26	O’Brien	CE,	Johnston	MW,	Kerstetter	DW.	Ports	and	pests:	Assessing	the	threat	of	aquatic	inva-

sive	species	introduced	by	maritime	shipping	activity	in	Cuba.	Mar	Pollut	Bull.	2017.
27	Hughes	KA,	Ashton	GV.	Breaking	the	ice:	the	introduction	of	biofouling	organisms	to	Antarctica	
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The impact of noise pollution from shipping and 
drilling on marine mammals is known. It interrupts 
their feeding and vocalisation, leading to populations 
abandoning entire areas28. However, the impacts on 
fish and invertebrate populations are often unknown 
and remain unassessed29.

Emissions from ships include CO2, ballast waters, 
anti-fouling paints, plastics and metal from exhaust 
cleaning systems (open-loop scrubbers). The latter 
has been largely neglected until now30.

A review of shipping emissions in China found 
high levels of polluting nitrogen oxides from ships 
in port31. An increase of traffic in areas such as the 
Indian Ocean is linked with a growth of tropospheric 
nitrogen dioxide32.

Changes in shipping routes – for example through 
the opening up of the Arctic Northwest Passage 
– could result in lower total emissions because of 
shorter distances travelled. But they could also 
result in more emissions in the Arctic33. 

1.1.3 Habitat removal 

1.1.3.1 Coastal development 
Human construction in the estuary, coastal and 
marine environments is changing ecosystems and 
the movement of organisms, materials and energy 
between habitats34.

Even small-scale building has impacts. Shading from 
docks has been found to reduce eelgrass coverage 
by 42–64% near docks35.

There is evidence that using ecosystem service 
values in coastal planning leads to better outcomes 
for people and nature36. Many reviews show that  
intertidal wetlands and coral reefs protect coasts 
and that this effect can be modelled when variables 
such as topography, water depth and levels of  
bioerosion are known37.

on vessel hulls. Aquatic Conservation: Marine and Freshwater Ecosystems. 2017;27(1):158-64.
28 Gomez C, Lawson JW, Wright AJ, Buren AD, Tollit D, Lesage V. A systematic review on the 

behavioural responses of wild marine mammals to noise: the disparity between science 
and policy. Can J Zool. 2016;94(12):801-19. doi: 10.1139/cjz-2016-0098. PubMed PMID: 
WOS:000390320700001.

29 Hawkins AD, Popper AN. A sound approach to assessing the impact of underwater noise on 
marine fishes and invertebrates. ICES Journal of Marine Science. 2017;74(3):635-51.

30 Turner DR, Edman M, Gallego-Urrea JA, Claremar B, Hassellöv I-M, Omstedt A, et al. The poten-
tial future contribution of shipping to acidification of the Baltic Sea. Ambio. 2017:1-11.

31 Zhang Y, Yang X, Brown R, Yang L, Morawska L, Ristovski Z, et al. Shipping emissions and their 
impacts on air quality in China. Sci Total Environ. 2017.

32 Tournadre J. Anthropogenic pressure on the open ocean: The growth of ship traffic revealed by 
altimeter data analysis. Geophysical Research Letters. 2014;41(22):7924-32.

33 Fuglestvedt, J. S. et al. Climate Penalty for Shifting Shipping to the Arctic. Environ. Sci. Technol. 
48, 13273-79 (2014).

34 Bishop MJ, Mayer-Pinto M, Airoldi L, Firth LB, Morris RL, Loke LH, et al. Effects of ocean sprawl on 
ecological connectivity: impacts and solutions. J Exp Mar Biol Ecol. 2017. 

35 Eriander L, Laas K, Bergström P, Gipperth L, Moksnes P-O. The effects of small-scale coastal devel-
opment on the eelgrass (Zostera marina L.) distribution along the Swedish west coast–Ecological 
impact and legal challenges. Ocean & Coastal Management. 2017;148:182-94. 

36 Arkema KK, Verutes GM, Wood SA, Clarke-Samuels C, Rosado S, Canto M, et al. Embedding eco-
system services in coastal planning leads to better outcomes for people and nature. Proceedings 
of the National Academy of Sciences. 2015;112(24):7390-5.

37 Spalding MD, Ruffo S, Lacambra C, Meliane I, Hale LZ, Shepard CC, et al. The role of ecosys-
tems in coastal protection: adapting to climate change and coastal hazards. Ocean & Coastal 
Management. 2014;90:50-7.

Mangroves can substantially reduce the vulnerability 
of adjacent coastal land from inundation but they are 
threatened by sea-level rise. A 1m rise in sea level 
will cause 71% of mangroves to migrate landward, if 
there is no competition from other land uses38.

Mangrove forests, and the protection they afford, 
are also threatened by aquaculture, agriculture, 
urbanisation, industrialisation, ecotourism and con-
flicting policies. They occupy only 2% of the world’s 
coastal ocean area yet they account for about 5% of 
net primary production, 12% of ecosystem respira-
tion and about 30% of carbon burial on all continen-
tal margins in subtropical and tropical seas. 

Recent calculations suggest that mangroves are a 
globally significant contributor to the carbon cycle in 
low latitude seas, and to counteracting greenhouse 
emissions resulting from tropical deforestation39.

Whole communities can be dependent on them. For 
example, the poor of the Chakoria wetland areas in 
Bangladesh were traditionally dependent on man-
grove resources for their livelihoods, but the forest 
and wetland completely disappeared between 1903 
and 2010, and the coastal communities lost their 
livelihoods as a result40.

1.1.3.2 Coral harvesting 
Coral reefs dissipate wave energy and protect coasts, 
but sections left isolated can have the opposite effect37. 

Coral harvesting can be very destructive. A recent 
study highlights that current harvesting practices for 
the red coral Corallium rubrum are unsustainable. It 
showed there was only partial recovery of the coral 
seven years after harvesting. However, leaving the 
basal section of the colonies when harvesting to 
avoid total mortality enhances resilience of coral 
populations. Much management is still based on 
untested assumptions41.

Inshore Pacific Corallidae corals are still primarily  
harvested by dredging. Landings have doubled and 
are now dominated by dead colonies42.

1.1.3.3 Destructive fishing 
Modern fishing gears typically have a higher propen-
sity to damage habitats like coral reefs and capture a 
high proportion of juvenile fish. Examples of destruc-
tive gears used in small-scale fisheries include beach 
seine, ring nets, explosives, spear-guns and poison. 

38 Blankespoor B, Dasgupta S, Lange G-M. Mangroves as a protection from storm surges in a chang-
ing climate. Ambio. 2017;46(4):478-91. 

39 Alongi DM, Mukhopadhyay SK. Contribution of mangroves to coastal carbon cycling in low 
latitude seas. Agricultural and Forest Meteorology. 2015;213:266-72.

40 Islam SN. An analysis of the damages of Chakoria Sundarban mangrove wetlands and conse-
quences on community livelihoods in south east coast of Bangladesh. International Journal of 
Environment and Sustainable Development. 2014;13(2):153-71.

41 Montero-Serra I, Linares C, García M, Pancaldi F, Frleta-Valić M, Ledoux J-B, et al. Harvesting ef-
fects, recovery mechanisms, and management strategies for a long-lived and structural precious 
coral. PloS one. 2015;10(2):e0117250.

42 Bruckner A. Advances in management of precious corals in the family Corallidae: are new mea-
sures adequate? Curr Opin Environ Sustain. 2014;7:1-8.
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Blast fishers in South East Asia are using increas-
ing amounts of explosives as fish stocks reduce. A 
recent systematic analysis proposes providing fishers 
and their families with education and alternative 
livelihoods. Progress on eradication methods can be 
monitored through continued collection of background 
blast data from areas43. In Raja Ampat, Indonesia, 
attempts have been made to detect and punish illegal 
fishing of snapper and grouper using cynanide and 
dynamite, and to introduce ecosystem-based man-
agement principles44.

llegal, unreported and unregulated fishing is a signif-
icant problem that affects the marine ecosystem and 
those who depend on it. Recent analysis concludes 
that the likelihood of illegal fishing is positively related 
to the number of commercially significant species 
found within a country’s territorial waters and its  
proximity to known ports of convenience. Countries 
that exercise effective fisheries management and 
have strong surveillance capacity experience less  
illegal fishing activity. But the presence of legally  
fishing vessels does not deter illegal fishing activity45.

1.1.3.4 Environmental degradation
Environmental change is causing the degradation of 
many important habitats. 

For example, mangroves are migrating due to 
sea-level rise, leading to increased conflict between 
humans and wildlife46.

The loss of breeding habitat is a primary factor in 
the decline of penguin populations in the southern 
hemisphere47.

Coral reefs have continued to suffer bleaching from 
rising sea temperatures. As a result, reefs have been 
degraded globally. There are numerous ecology  
impacts in degraded sites including a decrease in 
fish biodiversity48 and a change in fish behaviour49.

Algae have a vital role to play in enhancing biodiver-
sity and productivity in coastal ecosystems, but they 
have shifted from canopy- to mat- forming species, 

43	Chan	A,	Hodgson	PA,	editors.	A	systematic	analysis	of	blast	fishing	in	South-East	Asia	and	possible	
solutions.	Underwater	Technology	(UT),	2017	IEEE;	2017:	IEEE.

44	Bailey	M,	Sumaila	U.	Destructive	fishing	and	fisheries	enforcement	in	eastern	Indonesia.	Marine	
Ecology	Progress	Series.	2015;530:195-211.

45	Petrossian	GA.	Preventing	illegal,	unreported	and	unregulated	(IUU)	fishing:	A	situational	
approach.	Biological	Conservation.	2015;189:39-48.

46	Dasgupta	s,	Sobhan,	M	I	and	Wheeler	D	(2016)	Impact	of	Climate	Change	and	Aquatic	Saliniza-
tion	on	Mangrove	Species	and	Poor	Communities	in	the	Bangladesh	Sundarbans,	World	Bank	
Policy	Research	Working	Paper	No.	7736	

47	Trathan,	P.	N.,	García-Borboroglu,	P.,	Boersma,	D.,	Bost,	C.	A.,	Crawford,	R.	J.,	Crossin,	G.	T.,	...	
&	Ellenberg,	U.	(2015).	Pollution,	habitat	loss,	fishing,	and	climate	change	as	critical	threats	to	
penguins.	Conservation	Biology,	29(1),	31-41.	

48	Holbrook,	S.	J.,	Schmitt,	R.	J.,	Messmer,	V.,	Brooks,	A.	J.,	Srinivasan,	M.,	Munday,	P.	L.,	&	Jones,	G.	
P.	(2015).	Reef	fishes	in	biodiversity	hotspots	are	at	greatest	risk	from	loss	of	coral	species.	PloS	
one,	10(5),	e0124054.

49	McCormick,	M.	I.,	Watson,	S.	A.,	&	Munday,	P.	L.	(2013).	Ocean	acidification	reverses	competition	
for	space	as	habitats	degrade.	Scientific	Reports,	3.

particularly in enclosed bays or estuaries. This is 
driven by stressors such as heavy metal pollution, 
nutrient enrichment and high sediment loads50.

1.1.4 Pollution

1.1.4.1 Agricultural run-off
A new analysis says that increased exposure to 
sediment, nutrients and chemical pollutants is 
threatening an estimated 25% of the world’s coral 
reefs. This in turn impacts the behaviour, physiology, 
life histories, ecology and abundance of coral reefs. 
Pesticides, heavy metals and other chemical con-
taminants can accumulate in coral reef fishes, with 
as yet unknown ecological consequences51.

Glyphosate is one of the most widely applied 
herbicides globally. Tests have indicated a half-life 
of 47 to 315 days, with degradation slowest in the 
dark. Little degradation of the chemical would be 
expected during flood plumes in the tropics, so 
these events could potentially deliver dissolved and 
sediment-bound glyphosate far from shore52.

Nutrient enrichment of coastal marine waters 
caused by losses of nitrate (NO3) from agriculture 
is an increasing global problem. For example, at 
tropical coral reef sites the phytoplankton blooms 
induced by coastal run-off impose nutrient stress on 
the coral53. And despite decreasing concentrations 
of both NO3 and chlorophyll-a in Danish coastal 
waters, they are not yet classified as “unaffected by 
eutrophication”54. 

Wildfire is a common disturbance that can signifi-
cantly alter vegetation in watersheds and affect the 
rate of sediment and nutrient transport to adjacent 
oceanic environments. Results from California 
indicate post-fire concentration increases of phos-
phorus (by 161%), sediments (by 350%) and total 
suspended solids (by 53%) above pre-fire years55.

50	Strain,	E.,	Thomson,	R.	J.,	Micheli,	F.,	Mancuso,	F.	P.,	&	Airoldi,	L.	(2014).	Identifying	the	interact-
ing	roles	of	stressors	in	driving	the	global	loss	of	canopy-forming	to	mat-forming	algae	in	marine	
ecosystems.	Global	change	biology,	20(11),	3300-3312.

51	Wenger	AS,	Fabricius	KE,	Jones	GP,	Brodie	JE.	15	Effects	of	sedimentation,	eutrophication,	and	
chemical	pollution	on	coral	reef	fishes.	Ecology	of	Fishes	on	Coral	Reefs.	2015:145.

52	Mercurio	P,	Flores	F,	Mueller	JF,	Carter	S,	Negri	AP.	Glyphosate	persistence	in	seawater.	Mar	
Pollut	Bull.	2014;85(2):385-90.

53	D’Angelo,	C.,	&	Wiedenmann,	J.	(2014).	Impacts	of	nutrient	enrichment	on	coral	reefs:	new	
perspectives	and	implications	for	coastal	management	and	reef	survival.	Current	Opinion	in	
Environmental	Sustainability,	7,	82-93.

54	Andersen	JH,	Fossing	H,	Hansen	JW,	Manscher	OH,	Murray	C,	Petersen	DL.	Nitrogen	inputs	from	
agriculture:	Towards	better	assessments	of	eutrophication	status	in	marine	waters.	Ambio.	
2014;43(7):906-13.

55	Morrison	KD,	Kolden	CA.	Modeling	the	impacts	of	wildfire	on	runoff	and	pollutant	transport	
from	coastal	watersheds	to	the	nearshore	environment.	J	Environ	Manage.	2015;151:113-23.
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1.1.4.2 Sewage
A study indicates that sewage pollution has changed 
environmental variables and the abundance of  
macroinvertebrates on intertidal rocky shores in 
Portugal. The results confirm that the presence 
of sewage discharge tends to benefit suspension 
feeders and that sensitive species are replaced by 
opportunistic ones56.

Human-made chemicals that interfere with the 
normal function of endocrine systems in wildlife 
and humans are being introduced to the marine 
environment through contaminated sewage effluent 
and surface run-off. In Hong Kong, a recent study 
found that 4-Nonylphenol (NP) and bisphenol A 
(BPA) were the most abundant endocrine-disrupting 
chemicals. Elevated levels of NP were detected in 
the waters of Cape D’Aguilar Marine Reserve57.

Recent data confirm that pharmaceuticals occur 
widely in marine and coastal environments, and the 
potential risk they pose to marine species needs  
further attention. Pharmaceuticals differ from  
conventional pollutants because they are designed 
to interact with physiological pathways at low doses. 
They are excreted by humans in a biologically 
active form and discharged into coastal waters from 
waste-water treatment plants and, at higher  
concentrations, in untreated water discharges. 

Antibiotics such as erythromycin are among the most 
abundant molecules in ocean water and sediment, 
raising concern for the spread of antibiotic-resistant 
bacteria in ocean waters58. The rise in antibiotic resis-
tance has resulted in the spread of superbugs59.

1.1.4.3 Plastics and minerals
The exact amount of plastic in the ocean is un-
known, but it has been estimated that 4.8 to 12.7 
million tonnes entered the ocean in 2010 alone60. 
Once in the ocean, plastic cannot be easily  
removed. 

Plastic has a number of impacts on marine life, such 
as entanglement and causing internal blockages 
after ingestion. It also acts as a pathway for invasive 
alien species61. Although there is limited evidence of 
the effects of plastic debris at an ecosystem level, 
there is enough to show it is problematic, and that 

56	Cabral-Oliveira	J,	Bevilacqua	S,	Terlizzi	A,	Pardal	M.	Are	eulittoral	assemblages	suitable	for	detect-
ing	the	effects	of	sewage	discharges	in	Atlantic	and	Mediterranean	coastal	areas?	Ital	J	Zoolog.	
2014;81(4):584-92.

57	Xu	EG,	Liu	S,	Ying	G-G,	Zheng	GJ,	Lee	JH,	Leung	KM.	The	occurrence	and	ecological	risks	of	endo-
crine	disrupting	chemicals	in	sewage	effluents	from	three	different	sewage	treatment	plants,	and	
in	natural	seawater	from	a	marine	reserve	of	Hong	Kong.	Mar	Pollut	Bull.	2014;85(2):352-62.

58	Arpin-Pont	L,	Bueno	MJM,	Gomez	E,	Fenet	H.	Occurrence	of	PPCPs	in	the	marine	environment:	
a	review.	Environ	Sci	Pollut	Res.	2016;23(6):4978-91.	doi:	10.1007/s11356-014-3617-x.	PubMed	
PMID:	WOS:000373609300003.

59	Alanis	AJ.	Resistance	to	antibiotics:	Are	we	in	the	post-antibiotic	era?	Arch	Med	Res.	
2005;36(6):697-705.	doi:	10.1016/j.arcmed.2005.06.009.	PubMed	PMID:	WOS:000233093800012.

60	Jambeck	JR,	Geyer	R,	Wilcox	C,	Siegler	TR,	Perryman	M,	Andrady	A,	et	al.	Plastic	waste	inputs	
from	land	into	the	ocean.	Science.	2015;347(6223):768-71.	doi:	10.1126/science.1260352.	
PubMed	PMID:	WOS:000349221300047.

61	Derraik	JGB.	The	pollution	of	the	marine	environment	by	plastic	debris:	a	review.	Mar	
Pollut	Bull.	2002;44(9):842-52.	doi:	10.1016/s0025-326x(02)00220-5.	PubMed	PMID:	
WOS:000178361200011.

to avoid irreversible harm decision-makers should 
mitigate risk now62.

Microplastics are found in every part of the ocean, 
from surface waters to sediment – and even in the 
remote waters of the Poles63, 64, 65. A recent study 
found that microplastic ingestion decreases energy 
reserves in marine worms66.

Persistent organic pollutants can accumulate in  
plastics, but the biological implications are unknown67. 
Risk assessments are required for policy68.

There is also concern about the effects of mineral 
pollutants, from mining and other human activity. In 
former coastal gold-mining areas of Nova Scotia, 
Canada, high concentrations of mercury and arsenic 
from mining tailings were found in the sea and had 
accumulated in clam tissue69. Biological effects have 
been observed in mussels 3km from a Norwegian 
discharge outlet with high iron levels.70

1.2 Changes related to the 
atmosphere

1.2.1 Warming 

Atmospheric temperature increases are predicted 
to change oceanographic processes because up to 
35% of anthropogenic heat is absorbed by the deep 
ocean71.

One biological impact is trophic mismatch, where the 
lifecycle event of one species shifts away from that 
of their food source. These mismatches are more 
likely to occur in a warming ocean. For example, in 
the North Sea, planktonic copepod egg production 
has decreased, reducing the survival chances of the 
young sand eels that rely on this food source72.

62	Rochman	CM,	Browne	MA,	Underwood	A,	Franeker	JA,	Thompson	RC,	Amaral-Zettler	LA.	
The	ecological	impacts	of	marine	debris:	unraveling	the	demonstrated	evidence	from	what	is	
perceived.	Ecology.	2016;97(2):302-12.

63	Cózar	A,	Martí	E,	Duarte	CM,	García-de-Lomas	J,	van	Sebille	E,	Ballatore	TJ,	et	al.	The	Arctic	Ocean	
as	a	dead	end	for	floating	plastics	in	the	North	Atlantic	branch	of	the	Thermohaline	Circulation.	
Science	Advances.	2017;3(4).	doi:	10.1126/sciadv.1600582.

64	Costa	MF,	Barletta	M.	Microplastics	in	coastal	and	marine	environments	of	the	western	tropical	
and	sub-tropical	Atlantic	Ocean.	Environ	Sci-Process	Impacts.	2015;17(11):1868-79.	doi:	10.1039/
c5em00158g.	PubMed	PMID:	WOS:000364146800001.

65	Woodall	LC,	Robinson	LF,	Rogers	AD,	Narayanaswamy	BE,	Paterson	GL.	Deep-sea	litter:	a	
comparison	of	seamounts,	banks	and	a	ridge	in	the	Atlantic	and	Indian	Oceans	reveals	both	
environmental	and	anthropogenic	factors	impact	accumulation	and	composition.	Frontiers	in	
Marine	Science.	2015;2:3.

66	Wright	SL,	Rowe	D,	Thompson	RC,	Galloway	TS.	Microplastic	ingestion	decreases	energy	reserves	
in	marine	worms.	Current	Biology.	2013;23(23):R1031-R3.

67	Koelmans	AA,	Bakir	A,	Burton	GA,	Janssen	CR.	Microplastic	as	a	vector	for	chemicals	in	the	
aquatic	environment:	critical	review	and	model-supported	reinterpretation	of	empirical	studies.	
Environmental	science	&	technology.	2016;50(7):3315-26.

68	Koelmans	AA,	Besseling	E,	Foekema	E,	Kooi	M,	Mintenig	S,	Ossendorp	BC,	et	al.	Risks	of	Plastic	
Debris:	Unravelling	Fact,	Opinion,	Perception,	and	Belief.	ACS	Publications;	2017.

69	Doe	K,	Mroz	R,	Tay	K-L,	Burley	J,	Teh	S,	Chen	S.	Biological	effects	of	gold	mine	tailings	on	the	
intertidal	marine	environment	in	Nova	Scotia,	Canada.	Mar	Pollut	Bull.	2017;114(1):64-76.

70	Brooks	SJ,	Harman	C,	Hultman	MT,	Berge	JA.	Integrated	biomarker	assessment	of	the	effects	
of	tailing	discharges	from	an	iron	ore	mine	using	blue	mussels	(Mytilus	spp.).	Sci	Total	Environ.	
2015;524:104-14.

71	IPCC.	Climate	Change	2014:	Synthesis	Report.	Contribution	of	Working	Groups	I,	II	and	III	to	the	
Fifth	Assessment	Report	of	the	Intergovernmental	Panel	on	Climate	Change.	Geneva,	Switzer-
land:	IPCC,	2014.

72	Regnier	T,	Gibb	FM,	Wright	PJ.	Importance	of	trophic	mismatch	in	a	winter-hatching	species:	
evidence	from	lesser	sandeel.	Marine	Ecology	Progress	Series.	2017;567:185-97.	doi:	10.3354/
meps12061.	PubMed	PMID:	WOS:000397823100013.	



23

Appendix 3. Backing paper (cont.)

10

Some fish species are hypothesised to produce 
smaller body sizes in response to increased tem-
peratures and decreased oxygen73

Marine heatwaves have been observed globally, and 
the expectation is that their intensity and frequency will 
increase with further anthropogenic activities. Such 
extreme events cause species displacement, local ex-
tinctions, and economic impacts on seafood industries74.

Rising ocean temperatures also affect oceanographic 
processes, decreasing the mixed-layer depth  
(homogenised upper surface layer up to 200m deep) 
and ocean circulation. Changes in ocean circulation 
have a knock-on effect on the dispersal and distribu-
tion patterns of marine organisms75.

Increased sea surface temperatures have also 
resulted in the rise of Vibrio bacteria. This bacterial 
rise has been associated with a global increase in 
illnesses, such as cholera, gastroenteritis, wound 
infections and septicaemia76.

1.2.2 Acidification 

One of the most important impacts of climate 
change on the ocean is acidification. Research 
efforts into ocean acidification are faced with many 
difficulties, such as the heterogeneity of the ocean 
system and the fact that some areas of the ocean 
are already faced with CO2 concentrations similar 
to those predicted by the IPCC. For example, the 
North Pacific krill Euphausia pacifica currently lives 
in waters with a concentration much higher than the 
current global atmospheric mean77.

But recent evidence suggests that the effects will be 
significant. Increased CO2, ocean acidification, de-
oxygenation and anthropogenic nitrogen deposition 
alter the oceanic nitrogen cycle78.

Increasing acidification is a major threat to coral 
reefs. It has been argued that the threat is mitigated 
by factors such as the variability in the response 
of coral calcification to acidification, differences in 

73 Cheung WWL, Sarmiento JL, Dunne J, Frolicher TL, Lam VWY, Palomares MLD, et al. Shrinking 
of fishes exacerbates impacts of global ocean changes on marine ecosystems. Nature Climate 
Change. 2013;3(3):254-8. doi: 10.1038/nclimate1691. PubMed PMID: WOS:000319399000020.

74 Hobday AJ, Alexander LV, Perkins SE, Smale DA, Straub SC, Oliver ECJ, et al. A hierarchical 
approach to defining marine heatwaves. Progress in Oceanography. 2016;141:227-38. doi: 
10.1016/j.pocean.2015.12.014. PubMed PMID: WOS:000378101200016.

75 IPCC. Climate Change 2013: The Physical Science Basis. Contribution of Working Group I to the 
Fifth Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge, United 
Kingdom and New York, NY, USA: 2013.

76 Vezzulli L, Colwell RR, Pruzzo C. Ocean Warming and Spread of Pathogenic Vibrios in the Aquatic 
Environment. Microb Ecol. 2013;65(4):817-25. doi: 10.1007/s00248-012-0163-2. PubMed PMID: 
WOS:000318183800004.

77 McElhany P, Busch DS. Appropriate pCO(2) treatments in ocean acidification experi-
ments. Mar Biol. 2013;160(8):1807-12. doi: 10.1007/s00227-012-2052-0. PubMed PMID: 
WOS:000323066600004.

78 Kim H. Review of Inorganic Nitrogen Transformations and Effect of Global Climate Change on 
Inorganic Nitrogen Cycling in Ocean Ecosystems. Ocean Sci J. 2016;51(2):159-67. doi: 10.1007/
s12601-016-0014-z. PubMed PMID: WOS:000378275200001.

bleaching susceptibility, and the potential for rapid 
adaptation to anthropogenic warming. However, 
research indicates that based on the IPCC busi-
ness-as-usual emission scenario there will be a 
further sharp increase in nocturnal decalcification, 
while daylight calcification rates will decrease79.

1.2.3 Rising sea level

A recent study estimates a global coastal wetland 
loss of 78% under a high sea-level rise scenario of 
110cm by 2100, and accompanied by maximum dike 
construction80.

Sea-level rise and increased turbidity may cause 
changing patterns of seagrass colonisation and 
seagrass loss in deeper areas81.

Salt marshes buffer coastlines and provide critical 
ecosystem services, from storm protection to food 
provision. Studies suggest that sea-level rise will 
overwhelm most salt marshes’ capacity to maintain 
elevation. Under the most optimistic IPCC emissions 
pathway, 60% of the salt marshes studied will be 
unable to gain elevation at a rate keeping pace with 
sea-level rise by 210082.

1.2.4 Carbon sequestering

Carbon sequestration is linked to ocean circulation83, 
and models indicate that a faster ocean circulation 
promotes CO2 release, while a slower circulation in-
creases CO2 sequestration. A decrease in circulation 
since the 1990s, probably driven by the northward- 
retreating water mass of the South Atlantic Central 
Water, and a general weakening of the thermohaline 
circulation, has resulted in an unexpectedly fast car-
bon sequestration84, 85.

In contrast, absorption rates below 1,000m have followed 
predictions, with the highest carbon concentration seen in 
the water mass of the upper North Atlantic Deep Water85. 

79 Dove SG, Kline DI, Pantos O, Angly FE, Tyson GW, Hoegh-Guldberg O. Future reef decalcification 
under a business-as-usual CO2 emission scenario. Proceedings of the National Academy of Sci-
ences of the United States of America. 2013;110(38):15342-7. doi: 10.1073/pnas.1302701110. 
PubMed PMID: WOS:000324495300052.

80 Spencer T, Schuerch M, Nicholls RJ, Hinkel J, Lincke D, Vafeidis A, et al. Global coastal wetland 
change under sea-level rise and related stresses: The DIVA Wetland Change Model. Glob Planet 
Change. 2016;139:15-30.

81 Davis TR, Harasti D, Smith SD, Kelaher BP. Using modelling to predict impacts of sea level rise and 
increased turbidity on seagrass distributions in estuarine embayments. Estuarine, Coastal and 
Shelf Science. 2016;181:294-301.

82 Crosby SC, Sax DF, Palmer ME, Booth HS, Deegan LA, Bertness MD, et al. Salt marsh persistence is 
threatened by predicted sea-level rise. Estuarine, Coastal and Shelf Science. 2016;181:93-9.

83 Khatiwala S, Tanhua T, Mikaloff-Fletcher S, Gerber M, Doney SC, Graven HD, et al. Global ocean stor-
age of anthropogenic carbon. Biogeosciences. 2013;10:2169-91. doi: 10.5194/bg-10-2169-2013.

84 DeVries T, Holzer M, Primeau F. Recent increase in oceanic carbon uptake driven by weaker 
upper-ocean overturning. Nature. 2017;542(7640):215-8.

85 Fajar NM, Guallart EF, Steinfeldt R, Rios AF, Pelegri JL, Pelejero C, et al. Anthropogenic CO2 chang-
es in the Equatorial Atlantic Ocean. Progress in Oceanography. 2015;134:256-70. doi: 10.1016/j.
pocean.2015.02.004. PubMed PMID: WOS:000356553900015.
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1.2.5 Deoxygenation

There is evidence that zooplankton are moving in 
response to deoxygenation in the tropical Pacific, 
with a lower abundance now seen in lower-oxygen 
waters compared to oxygen-rich ones86.

The expansion of oxygen minimum zones in the 
ocean reduces the habitat for tropical pelagic fishes. 
Alongside continued fishing pressure, this could 
further threaten the sustainability of tropical pelagic 
fisheries87.

Even the jumbo squid, a species thought to be tolerant 
of low-oxygen water88, may suffer a decrease in its 
habitable range as a result of the expanding oxygen 
minimum zones89.

Deoxygenation and increased water mass strati-
fication leads to a decrease in particulate organic 
carbon export in mid to low latitudes. This reduces 
the major food source for sediment communities90 
while causing an increase in upwelling regions of 
the northeast Pacific91.

1.2.6 Extreme weather events 

Although cyclone frequency is unlikely to rise, cy-
clone intensity is predicted to increase globally, caus-
ing more frequent occurrences of the most destruc-
tive cyclones with potentially severe consequences 
for coral reef ecosystems. Predicted cyclone intensity 
for this century is sufficient to significantly accelerate 
coral reef degradation.92

86 Wishner KF, Outram DM, Seibel BA, Daly KL, Williams RL. Zooplankton in the eastern tropical 
north Pacific: Boundary effects of oxygen minimum zone expansion. Deep Sea Research Part I: 
Oceanographic Research Papers. 2013;79:122-40.

87 Stramma L, Prince ED, Schmidtko S, Luo J, Hoolihan JP, Visbeck M, et al. Expansion of oxygen 
minimum zones may reduce available habitat for tropical pelagic fishes. Nature Climate Change. 
2012;2(1):33-7.

88 Rosa R, Seibel BA. Metabolic physiology of the Humboldt squid, Dosidicus gigas: implications 
for vertical migration in a pronounced oxygen minimum zone. Progress in Oceanography. 
2010;86(1):72-80.

89 Seibel BA. The jumbo squid, Dosidicus gigas (Ommastrephidae), living in oxygen minimum 
zones II: Blood–oxygen binding. Deep Sea Research Part II: Topical Studies in Oceanography. 
2013;95:139-44. doi: http://dx.doi.org/10.1016/j.dsr2.2012.10.003.

90 Jones DO, Yool A, Wei CL, Henson SA, Ruhl HA, Watson RA, et al. Global reductions in seafloor 
biomass in response to climate change. Global Change Biology. 2014;20(6):1861-72.

91 Smith KL, Ruhl HA, Kahru M, Huffard CL, Sherman AD. Deep ocean communities impacted by 
changing climate over 24 y in the abyssal northeast Pacific Ocean. Proceedings of the National 
Academy of Sciences. 2013;110(49):19838-41.

92 Cheal AJ, MacNeil MA, Emslie MJ, Sweatman H. The threat to coral reefs from more intense 
cyclones under climate change. Global Change Biology. 2017;23(4):1511-24.

1.3 Cryosphere changes

Changes in the cryosphere (frozen water, which 
includes sea ice) are affecting polar regions93. For 
example, ice sheets at the North and South Poles 
have reduced in size and mass71 as a result of the 
combined effects of atmospheric and oceanographic 
temperature changes94. 

The polar regions are particularly vulnerable to cli-
mate change because of the sensitivity of their eco-
systems to sea ice retreat and increased species 
migration towards the Poles93,95. As the ice becomes 
thinner and less compact it also becomes more 
vulnerable to wind stresses96. 

The Greenland Ice Sheet, for example, has retreat-
ed for the past 130 years, but the rate of retreat over 
the past 20 years has been unprecedented and has 
resulted in sea-level rise96,97.

The resulting freshwater input into the ocean im-
pacts ocean circulation, water mass distribution and 
surface heat content98 by reducing the salinity of the 
ocean water. 

The continued ice loss and freshwater flux into the 
oceans98 regularly exposes basin waters previously 
covered by ice to sunlight and wind effects. In-
creased sunlight in the Arctic promotes winds that 
drive shelf-break upwelling, which draws nutrients 
from subsurface basin waters onto the shelf96.

The most significant loss of ice mass occurs from 
the melting at the base, followed by large ice chunks 
breaking off icebergs99.

93 Doney SC, Ruckelshaus M, Duffy JE, Barry JP, Chan F, English CA, et al. Climate Change Impacts on 
Marine Ecosystems. In: Carlson CA, Giovannoni SJ, editors. Annual Review of Marine Science, Vol 4. 
Annual Review of Marine Science. 4. Palo Alto: Annual Reviews; 2012. p. 11-37.

94 Hobbs WR, Massom R, Stammerjohn S, Reid P, Williams G, Meier W. A review of recent changes 
in Southern Ocean sea ice, their drivers and forcings. Glob Planet Change. 2016;143:228-50. doi: 
10.1016/j.gloplacha.2016.06.008. PubMed PMID: WOS:000380594000018.

95 Johannessen JA, Raj RP, Nilsen JEO, Pripp T, Knudsen P, Counillon F, et al. Toward Improved Esti-
mation of the Dynamic Topography and Ocean Circulation in the High Latitude and Arctic Ocean: 
The Importance of GOCE. Surveys in Geophysics. 2014;35(3):661-79. doi: 10.1007/s10712-013-
9270-y. PubMed PMID: WOS:000333700700009.

96 Bluhm BA, Kosobokova KN, Carmack EC. A tale of two basins: An integrated physical and bio-
logical perspective of the deep Arctic Ocean. Progress in Oceanography. 2015;139:89-121. doi: 
10.1016/j.pocean.2015.07.011. PubMed PMID: WOS:000366873500006.

97 Hill EA, Carr JR, Stokes CR. A Review of Recent Changes in Major Marine-Terminating Outlet Glaciers 
in Northern Greenland. Front Earth Sci. 2017;4:23. doi: 10.3389/feart.2016.00111. PubMed PMID: 
WOS:000393610000001.

98 Carmack EC, Yamamoto-Kawai M, Haine TWN, Bacon S, Bluhm BA, Lique C, et al. Freshwater 
and its role in the Arctic Marine System: Sources, disposition, storage, export, and physical 
and biogeochemical consequences in the Arctic and global oceans. J Geophys Res-Biogeosci. 
2016;121(3):675-717. doi: 10.1002/2015jg003140. PubMed PMID: WOS:000374345000006.

99 Dinniman MS, Asay-Davis XS, Galton-Fenzi BK, Holland PR, Jenkins A, Timmermann R. Modeling Ice Shelf/
Ocean in Antarctica A REVIEW. Oceanography. 2016;29(4):144-53. doi: 10.5670/oceanog.2016.106. 
PubMed PMID: WOS:000390560400016.
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This section provides case studies that 
demonstrate the effects of ocean change. 

Marine ecosystem services are those pro-
cesses that provide value for humans, and 
disruption to those services caused by 
ocean change affects humanity in significant 
ways. In particular, disruption can affect:

• food production (fishing and agriculture)

• coastal development (urbanisation, 
sedimentation, pollution) 

• climate (warming, acidification sea-level 
rise)1.

These case studies provide a means of 
exploring how human activities are causing 
changes to ecosystems in generic settings 
and specific locations. These in turn these 
pose risk to the communities that rely on them. 

The first case study is of a generic environ-
ment. The second is a specific location.

2.1 Case study 1:  
tropical coral reefs

Tropical coral reefs consist of many groups of organ-
isms living across trophic levels and in habitats that 
are physically and biologically diverse.

They are regionally diverse, and the type of threats 
they face now and in the future depend on reef 
type (for example, platform, fringe, barrier or atoll). 
Multiple stressors acting together mean that impacts 
are complex to determine2. Coral reefs are interlinked 
with seagrass and mangrove ecosystems, making 
analysis even more complex.

The most commonly recognised risks are overex-
ploitation of fish, climate change and water quality. 
One study has suggested safe levels relating to each 
factor if coral reefs are to survive3. 

The impacts of ocean change on tropical coral reefs 
and their ecosystems are summarised in Figure 2.

1	 Rocha	J,	Yletyinen	J,	Biggs	R,	Blenckner	T,	Peterson	G.	Marine	regime	shifts:	drivers	and	impacts	
on	ecosystems	services.	Phil	Trans	R	Soc	B.	2015;370(1659):20130273.

2	 Pendleton	LH,	Hoegh-Guldberg	O,	Langdon	C,	Comte	A.	Multiple	stressors	and	ecological	com-
plexity	require	a	new	approach	to	coral	reef	research.	Frontiers	in	Marine	Science.	2016;3:36.

3	 Norström	AV,	Nyström	M,	Jouffray	J-B,	Folke	C,	Graham	NAJ,	Moberg	F,	et	al.	Guiding	coral	reef	
futures	in	the	Anthropocene.	Frontiers	in	Ecology	and	the	Environment.	2016;14(9):490-8.	doi:	
10.1002/fee.1427

2.1.1. Threats

2.1.1.1 Invasive species
These include algae, sponges, coral, polychaetes, 
crustaceans, bryozoans, ascidians and fish. Most is 
known about the threat from predatory fish, but there 
is little research on the inverts and algae4.

2.1.1.2 Land use change 
Nutrient run-off brings many risks. Reefs can change 
from coral-dominant to algae-dominant as nutrients 
increase. In algae, nutrient increase could miti-
gate against herbivory. Nutrient increase has been 
demonstrated to lead to increased larval survival of 
the crown-of-thorns starfish, but it is unknown wheth-
er this is the same in other invertebrates5.

Most impacts of increased sediment load run off 
are negative for tropical coral – increasing mortality, 
and reducing species richness and cover, growth 
rates, recruitment, calcification, net productivity and 
accretion rates6.

The overall effect of increased sediment load on 
algae is unclear. Sediment can smother algae and 
reduce light required for photosynthesis through 
turbidity increase. There is also a lack of data for fish. 
Impacts depend on functional group, so increased 
sediment could cause shifts in community composi-
tion as groups are disproportionately impacted.

Coastal construction can lead to habitat loss through 
building on reef systems.

2.1.1.3 Disease
Little is known about the primary pathogen in most 
marine diseases, but they are diverse. Susceptibility 
to disease is increased when other risk factors and 
stressors are also present. We do know that:7

• Coralline algae stop secreting chemicals that at-
tract coral larvae, resulting in settlement inhibition

• In sponges, disease results in loss of pigmentation 
and tissue breakdown

• Most data on coral disease has been collected for 
hard coral, but sea fan have seen increased mor-
tality due to the fungal infection Aspergillus sydowii

4	 Côté	IM,	Bruno	JF.	16	Impacts	of	invasive	species	on	coral	reef	fishes.	Ecology	of	Fishes	on	Coral	
Reefs.	2015:154.

5	 Przeslawski	R,	Ahyong	S,	Byrne	M,	Woerheide	G,	Hutchings	P.	Beyond	corals	and	fish:	the	effects	
of	climate	change	on	noncoral	benthic	invertebrates	of	tropical	reefs.	Global	Change	Biology.	
2008;14(12):2773-95.

6	 Birrell	CL,	McCook	LJ,	Willis	BL.	Effects	of	algal	turfs	and	sediment	on	coral	settlement.	Mar	
Pollut	Bull.	2005;51(1):408-14.

7	 Peters	EC.	Diseases	of	coral	reef	organisms.	Coral	Reefs	in	the	Anthropocene:	Springer;	2015.	p.	
147-78.
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• Data from observations of captive sea turtles has 
led to knowledge of bacterial diseases, metazoan 
parasites, nutritional disorders, and skin tumours. 

2.1.1.4 Fishing
Threats are posed by:

• Destructive blast fisheries8 sometimes using  
ammonium/potassium nitrate9

• Disease caused by fishing gear10

• Direct damage by nets and pots11

• Monofilament line damaging polyps – reseach  
in Hawaii showed that 65% of corals had lines  
on them, causing 80% mortality10

• Overexploitation of herbivore fish12 and top-level 
consumers13

• Targeted coral and sponge extraction.

2.1.1.5 Global climate change
Threats are posed by:

• Decreasing oxygen levels, which lead to a  
decrease in average fish size 

• Increasing hurricane strength leading to  
increased physical damage14

• Ocean acidification, leading to decreased  
calcification rates, reduced framework,  
dissolution and possibly impacts from algae15.

2.1.1.6 Temperature increase
Threats are posed by:

• Bleaching, causing decreased cover, impaired 
reproduction, susceptibility to disease and reduced 
calcification16

• A change to sponge-dominated reef, changing the 
functioning of the area17.

8	 Pet-Soede	C,	Cesar	HSJ,	Pet	JS.	An	economic	analysis	of	blast	fishing	on	Indonesian	coral	reefs.	
Environmental	Conservation.	2002;26(2):83-93.	Epub	05/10.	doi:	undefined.

9	 Jayaprakash	V,	Radhakrishnan	R.	Indian	coral	reefs:	diversity,	anthropogenic	influences	and	
conservation	measures.	International	J	Humanities,	Arts,	Medicine	Sci.	2014;2(4):25-36.

10	 Yoshikawa	T,	Asoh	K.	Entanglement	of	monofilament	fishing	lines	and	coral	death.	Biological	
Conservation.	2004;117(5):557-60.	doi:	https://doi.org/10.1016/j.biocon.2003.09.025.

11	 Jennings	S,	Polunin	NV.	Impacts	of	fishing	on	tropical	reef	ecosystems.	Ambio.	1996:44-9.
12	 Edwards	CB,	Friedlander	A,	Green	A,	Hardt	M,	Sala	E,	Sweatman	H,	et	al.	Global	assessment	of	

the	status	of	coral	reef	herbivorous	fishes:	evidence	for	fishing	effects.	Proceedings	of	the	Royal	
Society	of	London	B:	Biological	Sciences.	2014;281(1774):20131835.

13	Ault	J,	Smith	S,	Browder	J,	Nuttle	W,	Franklin	E,	Luo	J,	et	al.	Indicators	for	assessing	the	ecological	
dynamics	and	sustainability	of	southern	Florida’s	coral	reef	and	coastal	fisheries.	Ecol	Indic.	
2014;44:164-72.

14	 Knutson	TR,	McBride	JL,	Chan	J,	Emanuel	K,	Holland	G,	Landsea	C,	et	al.	Tropical	cyclones	and	
climate	change.	Nature	Geoscience.	2010;3(3):157-63.

15	Anthony	KR,	Kline	DI,	Diaz-Pulido	G,	Dove	S,	Hoegh-Guldberg	O.	Ocean	acidification	causes	
bleaching	and	productivity	loss	in	coral	reef	builders.	Proceedings	of	the	National	Academy	of	
Sciences.	2008;105(45):17442-6.

16	 Spalding	MD,	Brown	BE.	Warm-water	coral	reefs	and	climate	change.	Science.	
2015;350(6262):769-71.

17	Bell	JJ,	Davy	SK,	Jones	T,	Taylor	MW,	Webster	NS.	Could	some	coral	reefs	become	sponge	reefs	as	
our	climate	changes?	Global	Change	Biology.	2013;19(9):2613-24.	doi:	10.1111/gcb.12212.

2.1.1.7 Pollutants
Threats are posed by:

• Agents in sewage, such as inorganic nutrients, 
pathogens, endocrine disrupters, suspended 
solids, sediments and heavy metals, which can 
severely impair coral growth and reproduction 

• Benzophenone-3 in sunscreen causing increased 
coral bleaching18

• Litter causing smothering and entangling19.

2.1.1.8 Tourism
Recreational divers20 and photographers cause the 
most physical damage21. Walking on corals also 
causes serious damage22. The tourist trade in  
souvenir coral contributes.

2.1.1.9 Marine threats
There are both physical and chemical threats from 
the sea itself.

Physical damage to tropical coral reefs comes 
from ship groundings and ship anchors. Anchors 
can cause damage that takes decades to repair21. 
Dredging sea channels increases turbidity and 
directly damages nearby coral.

There are chemical threats besides those posed 
by sewage. Oil damage is an obvious example23. 
Anti-fouling paint can also have an impact on coral. 
For example, the collision of the container ship  
Bunga Teratai Satu into Sudbury Reef, part of the 
Great Barrier Reef, resulted in increased tributyltin 
(TBT), copper (Cu) and zinc (Zn) on the reef. These 
metals reduce coral larval settlement and meta- 
morphosis24. High levels of Cu and Zn have also 
been recorded after a Bermuda grounding25.

18	 Downs	CA,	Kramarsky-Winter	E,	Segal	R,	Fauth	J,	Knutson	S,	Bronstein	O,	et	al.	Toxicopatholog-
ical	effects	of	the	sunscreen	UV	filter,	Oxybenzone	(Benzophenone-3),	on	coral	planulae	and	
cultured	primary	cells	and	its	environmental	contamination	in	Hawaii	and	the	US	Virgin	Islands.	
Archives	of	environmental	contamination	and	toxicology.	2016;70(2):265-88.

19	Gregory	MR.	Environmental	implications	of	plastic	debris	in	marine	settings—entanglement,	
ingestion,	smothering,	hangers-on,	hitch-hiking	and	alien	invasions.	Philosophical	Transactions	
of	the	Royal	Society	of	London	B:	Biological	Sciences.	2009;364(1526):2013-25.

20	 Zakai	D,	Chadwick-Furman	NE.	Impacts	of	intensive	recreational	diving	on	reef	corals	at	Eilat,	
northern	Red	Sea.	Biological	Conservation.	2002;105(2):179-87

21	Davenport	J,	Davenport	JL.	The	impact	of	tourism	and	personal	leisure	transport	on	coastal	
environments:	A	review.	Estuarine,	Coastal	and	Shelf	Science.	2006;67(1):280-92.	doi:	https://
doi.org/10.1016/j.ecss.2005.11.026.

22	 Liddle	M,	Kay	A.	Resistance,	survival	and	recovery	of	trampled	corals	on	the	Great	Barrier	Reef.	
Biological	Conservation.	1987;42(1):1-18.

23	Al-Jufaili	S,	Al-Jabri	M,	Al-Baluchi	A,	Baldwin	RM,	Wilson	SC,	West	F,	et	al.	Human	Impacts	on	
Coral	Reefs	in	the	Sultanate	of	Oman.	Estuarine,	Coastal	and	Shelf	Science.	1999;49(Supplement	
1):65-74.	doi:	https://doi.org/10.1016/S0272-7714(99)80010-9.

24	Negri	AP,	Smith	LD,	Webster	NS,	Heyward	AJ.	Understanding	ship-grounding	impacts	on	a	coral	
reef:	potential	effects	of	anti-foulant	paint	contamination	on	coral	recruitment.	Mar	Pollut	Bull.	
2002;44(2):111-7.

25	 Jones	RJ.	Chemical	contamination	of	a	coral	reef	by	the	grounding	of	a	cruise	ship	in	Bermuda.	
Mar	Pollut	Bull.	2007;54(7):905-11.
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2.2 Case study 2:  
The Dogger Bank

The Dogger Bank is a large sandbank in a shallow 
area of the North Sea. It lies across the exclusive 
economic zones of Denmark, Germany, Netherlands 
and the UK, with the largest area in UK waters.

The depth is 20–50m, compared with the average 
North Sea depth of 60m. This alters local hydrody-
namics and promotes primary production by phyto-
plankton, providing food for other species including 
commercially targeted fish1. Historically, this is an 
area with high fishing pressure.

More recently, the energy industry has exploited the 
Dogger Bank. Five gas platforms have been built 
and offshore wind farm development is imminent.

Benthic communities appear to be richer than other 
areas of the North Sea, which include soft coral 
gardens and the threatened thornback ray.

The Dogger Bank is a Natura 2000 site and was 
approved as a Special Area of Conservation in  
September 2017. However, a management plan  
is still pending2.

2.2.1. Threats

Currently, the two greatest threats are considered 
to be fishing and extraction activities. However, like 
other marine regions, the Dogger Bank is subject 
to pollution, climate change and the other impacts 
stemming from human population increase and  
land use change. The Dogger Bank is a busy  
shipping area and has communication cables 
crossing it. Elevated heavy metal concentrations 
have been reported3.

2.2.1.1 Fishing 
Fishing efforts have increased ever since the 1930s, 
and demersal fish stocks have declined in recent 
decades, with some stocks collapsing. An increase 
in beam trawling since the 1960s brought significant 
pressure4. Then a shift in fishing methods from beam 
trawling to longlining and potting resulted in changes 
in catch species due to regionally distinct communi-
ties across the bank5.

1	 Sell,	A.F.	&	Kröncke,	I.	(2013).	Correlations	between	benthic	habitats	and	demersal	fish	assem-
blages	–	A	case	study	on	the	Dogger	Bank	(North	Sea).	Journal	of	sea	research,	80,	12-24.

2	 JNCC,	www.jncc.defra.gov.uk/page-6508
3	 Kröncke,	I.	&	Knust,	R.	(1995).	The	Dogger	Bank:	a	special	ecological	region	in	the	central	North	

Sea.	Helgoländer	Meeresuntersuchungen,	49(1),	335.
4	 Philippart,	C.J.M.	Long-term	impact	of	bottom	fisheries	on	several	by-catch	species	of	de-

mersal	fish	and	benthic	invertebrates	in	the	south-eastern	North	Sea,	ICES	Journal	of	Marine	
Sciences,	55	(1998),	pp.	342-352.

5		 Sell,	A.F.	&	Kröncke,	I.	(2013).	Correlations	between	benthic	habitats	and	demersal	fish	assem-
blages	–	A	case	study	on	the	Dogger	Bank	(North	Sea).	Journal	of	sea	research,	80,	12-24.

In some areas, chronic disturbance from towed nets 
and dredges has changed benthic structure and 
community composition6.

Bycatch is high because of the methods used. There 
is a significant impact on bird life, because of the 
extraction of sand eels7. There are also likely to have 
been macrofauna changes8.

2.2.1.2 Extraction
Gas platforms have been in use since the 1970s. 
These bring potential impacts such as pollution, 
increase in vessels and construction disturbance.

The development of offshore wind farms brings new 
hazards9. Research has indicated that construction 
significantly changes harbour porpoises’ habitat-use, 
with porpoises leaving the construction area10. There 
are also species-specific impacts on birds11. Cable 
and other infrastructure maintenance can bring 
disruption12.

Extraction of aggregate is also a concern because 
of the potential to change and remove substrate and 
biology. There are currently two areas of the Dogger 
Bank licensed for extraction13.

Continued overleaf.

6	 Kaiser,	M.J.,	Ramsay,	C.A.,	Richardson,	C.A.,	Spence,	F.E.	&	Brand,	A.R.	(2000).	Chronic	fishing	
disturbance	has	changed	shelf	sea	benthic	community	structure.	Journal	of	Animal	Ecology,	
69,	pp.	494-503.

7	 van	Oostenbrugge,	J.A.E.,	Bartelings,	H.,	Buisman,	F.C.	(2010).	Distribution	maps	for	the	North	
Sea	fisheries;	Methods	and	application	in	Natura	2000	areas.	LEI	report	2010-067,	p.	122.

8	 Frid,	C.J.,	Harwood,	K.G.,	Hall,	S.J.	&	Hall,	J.A.	(2000).	Long-term	changes	in	the	benthic	communi-
ties	on	North	Sea	fishing	grounds.	ICES	Journal	of	Marine	Science,	57(5),	1303-1309.

9	 Toke,	D.	(2011).	The	UK	offshore	wind	power	programme:	A	sea-change	in	UK	energy	policy?.	
Energy	Policy,	39(2),	526-534.

10	Carstensen,	J.,	Henriksen,	O.D.	&	Teilmann,	J.	(2006).	Impacts	of	offshore	wind	farm	construction	
on	harbour	porpoises:	acoustic	monitoring	of	echolocation	activity	using	porpoise	detectors	
(T-PODs).	Marine	Ecology	Progress	Series,	321,	295-308.

11	Bradbury,	G.,	Trinder,	M.,	Furness,	B.,	Banks,	A.N.,	Caldow,	R.	W.	&	Hume,	D.	(2014).	Mapping	
seabird	sensitivity	to	offshore	wind	farms.	PloS	one,	9(9),	e106366

12	Petersen,	J.	K.	&	Malm,	T.	(2006).	Offshore	windmill	farms:	threats	to	or	possibilities	for	the	
marine	environment.	AMBIO:	A	Journal	of	the	Human	Environment,	35(2),	75-80.

13	JNCC,	www.jncc.defra.gov.uk/page-6508
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2.2.2. Threats related to  
functions

The Dogger Bank provides many functions for  
humans and ecosystems. Here is a summary of 
those functions and the threats they face – now 
and in the future.

FUNCTION14 CURRENT THREAT EMERGING THREAT

PROVISIONING
Food Overfishing

Climate change
Invasive species

Animal feed/ 
Fertiliser – sand eels

Overfishing Invasive species

Curiosities – 
historic remains

Benthic fishing gear Construction of wind farms

Energy extraction Conflict with other activities

REGULATION AND MAINTENANCE
Climate regulation Pollution

Climate change
Conflict with other activities

Biological regulation Pollution

CULTURAL
Scientific knowledge Fishing activities Construction of wind farms

Historic significance with  
important finds from pre-history

Benthic fishing gear Construction of wind farms

Leisure and recreational  
activities (surface)

Exclusion zones around platforms Exclusion zones around wind farms

SUPPORT
Nursery and foraging habitat for 
fish, e.g. plaice, turbot,  
lemon sole and nephrops

Fishing activities Construction of wind farms

Gene pool maintenance Fishing activities
Climate change
Pollution

Exclusion zones around wind farms

Nutrient cycling Climate change
Community changes resulting 
from other risk factors

Primary production, high all  
year around

Climate change

Part 2 Emerging and current impacts (cont.)

14 Hattam, C., Atkins, J.P., Beaumont, N., Bӧrger, T., Bӧhnke-Henrichs, A., Burdon, D., ... & Sastre, 
S. (2015). Marine ecosystem services: linking indicators to their classification. Ecological Indica-
tors, 49, 61-75.
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