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Abstract

Introduction

Earth looks like a beautiful blue marble from space. What 
makes it so blue? The ocean! Ocean covers 70% of our 
planet. More than a third of the world’s population lives 
close to the ocean. But the ocean impacts all of us! Marine 
and coastal habitats provide us with many things such as 
food, transport, protection from floods, and the chance 
for some fun activities. Yet, these human uses can harm 
ocean habitats and put them at risk. To continue receiving 

these benefits, we need to look after ocean habitats. In this 
study, we used a mathematical model to understand human 
threats to the Atlantic coast of the United States. We looked 
at different causes of risk and their combined effects on 
habitats. We found that rising sea surface temperatures and 
commercial fishing are the major threats. Also, the habitats 
on the coastline and a narrow offshore (out at sea) region 
are at greatest risk. We suggest ways to reduce these risks.

What does the ocean do you for you? Whether you live 
on the coast or not, it provides us with many important 
things and supports all of life on earth. Worldwide, the 
most populated areas are along the coastlines (Fig. 1), 
but oceans benefit all of us, providing us with food, water, 
and by regulating the climate. They also provide us with 
opportunities for tourism, recreation, and they protect 
shorelines from storms and floods. But, how does our use 
of the ocean affect marine ecosystems? Healthy marine 
ecosystems provide habitats for plants and animals. Human 
uses harm these habitats, which could bring an end to the 
benefits they provide.

Some human activities are particularly damaging to all 
habitats (such as increasing sea surface temperatures), 
whereas others affect only particular habitats (such as 
tourism). Furthermore, most habitats face lots of stressors 
(activities which damage a habitat), which worsens their 
impact.

Habitats and humans interact in complicated ways. To 
secure the benefits we receive from the ocean and to 
manage them sustainably, we need a clear understanding 
of these interactions. We must evaluate all of the stressors 

together (the cumulative risk), instead of just looking at 
single events or activities.

We wanted to find out which habitats are at the greatest 
risk, and what’s causing those risks. Furthermore, we 
wanted to know which habitats are facing the greatest 
cumulative risk - or build-up of risks.
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Figure 1:
Ports provide many economic and social opportunities. Many of the largest cities 

in the world are located on the coast. Boston, one of the most populated cities
in the United States, developed around a port. Citizens there get all the benefits 

of fresh seafood and ocean leisure activities, such as sailing.

Source: Chris Wood on Wikimedia Commons
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Methods
To answer these questions we developed a unique 
mathematical model that assesses the combined risks 
that come from all the different ways we interact with the 
ocean. We focused on the U.S. Northeast region (Maine 
to Connecticut) and the Mid-Atlantic region (New York to 
Virginia) (Fig.2a). Here’s what it considered:

Habitats 

We classified a total of 13 habitats in the region: eight 
nearshore (near the land) habitats and five offshore habitats.

Stressors

We identified 31 stressors that are important for the region 
and grouped them into five themes: 

1)   Fishing and aquaculture (farming the ocean)

2)   Man-made buildings and structures including buildings 
and machinery for generating electricity  

3)   Specific events impacting coastal and marine habitats 
including everything from shipwrecks and pollution to 
marine-based recreation such as snorkeling, swimming or 

paddling

4)   Impacts originating from the land (land-based impact) 
such as power plants and sources of pollution

5)   Rising sea surface temperatures (Fig. 2b)

Our model combines two types of information: 

Exposure tells us where and when these stressors are 
happening. This includes how much, how often, and how 
intensely they are happening.

Consequence is what happens to the habitat due to each 
stressor. Consequences include a change in biomass (the 
amount of living matter), trophic impact (changes to the 
food chain), and the time we would expect it to take for the 
habitat to recover.

We used publicly available data from regional and federal 
sources. Our model calculated a score for what each stressor 
would do to each habitat. We then used these scores to 
estimate the build-up of risk for each habitat.

Figure 2:
a) The United States Northeast region;

b) The intensity of rising ocean temperatures (caused by climate change).

Source: 
a) Pharexia on Wikimedia Commons

b) Original paper

a) b)
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Results
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Ecosystem risk: All areas experience some risk, and different 
areas experience different degrees of risk. Areas along the 
coastline and the edge of the continental shelf (a narrow 
offshore region) are at greatest risk. Figure 3 shows a 
comparison of a coastline and offshore habitat.

Habitat specific risk: Overall, Northeast habitats are at greater 
risk than the Mid-Atlantic region habitat. Across the regions, 
risk is highest for these habitats:

Rocky intertidal - a rocky area in between high tide (the 
furthest point the water comes up to) and low tide (the 
furthest point the water goes out to) 

Hard-bottom shelf - an area at the bottom of the ocean 
made up of rocks (or another hard surface), in this case, 
the hard surface is on the continental shelf

Tidal flats - coastal wetlands that form when mud is 

deposited by tides or rivers

Soft and hard-bottom nearshore habitat - rocky 
seabed and sandy seabed, both near the land

Causes of risk: Across habitats and locations, the major causes 
of risk are rising sea-surface temperatures and commercial 
fishing.

Offshore habitats experience a few stressors that have a 
big impact: warming sea surface temperatures; commercial 
fishing; shipping; recreational fishing; and wildlife viewing.

For nearshore habitats, there is a wider variety of low-risk 
stressors which each contribute a small percentage to the 
overall risk: humans walking on habitats, light pollution, 
building on the coast, nutrient pollution, and more.

Figure 3:
Exposure - Consequence graphs for tidal flats and hard-bottom shelf habitats in our study 
regions.  Each point represents the exposure and consequence from a single activity or 
stressor.  Risk is understood as the combination of intensity of exposure and intensity or 
number of consequence(s). 

a) Coastline: Tidal flats b) Offshore: Hard bottom shelf

Which of these two habitats faces more 
stressors? What about the consequences of 
these stressors - in which of the two habitats 
are they more serious?
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Discussion
Our model helped us determine which habitats are at high 
risk and why. This means we can determine the best ways to 
reduce the overall risk to different marine habitats.

Coastline habitats, like tidal flats, experience a greater 
number of stressors but with fewer or less serious 
consequences. We suggest that people and companies should 
work together to decrease the extent, frequency, and intensity 
of these overlapping low impact stressors as a whole. To 
reduce risk along the coastline, we’ll have to address many 
human activities rather than focus on a single activity.  

Offshore habitats experience fewer stressors, but these 
stressors have more serious consequences. We suggest that 
authorities should work with specific industries. 

For all habitats, strategies for reducing risk will need to 
account for warming oceans.

Looking at the build-up of risks (as opposed to just individual 
risks) that marine environments face allowed us to more 
clearly suggest ways in which we can protect them. Our 
exposure-consequence model also helped us understand 
the root causes of these risks.  Our results provide valuable 
information for those who influence and manage the ocean 
environment (governments, companies, and individuals). As 
the climate changes over time, we can use our model again to 
re-evaluate the risks and adjust our strategy for protecting the 
ocean and the benefits it provides.
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Conclusion
Human activities are threatening the ocean - and therefore 
the many benefits we get from it. We can find ways to take 
care of oceans AND have them provide people with the 
things we need.

Here are some ways you can reduce your impact on the 
ocean:

Only buy sustainable seafood. Look for products certified 
by the Marine Stewardship Council and the Aquaculture 
Stewardship Council.

Be careful when you enter the coastal and marine 
environment. Observe but don’t touch!

Use less plastic. Plastic ends up littering our seas and 
coastlines. If you live near the coast, organize a beach 
clean-up.

Ultimately, climate change is causing rising sea surface 
temperatures. Government, business and individual 
actions are needed to reduce greenhouse gas emissions. 
One thing you can do is to ask your energy supplier to 
provide electricity from renewable energy sources.

Why do we need to maintain healthy marine and coastal habitats?

Scientists used an ‘exposure-consequence’ model to evaluate risk to the habitats. What does it 
mean when they say ‘low exposure - high consequence risk’?

Which ecosystems are at the greatest risk? Why?

Scientists suggested different strategies to protect nearshore and offshore areas. Why?

What major dangers are affecting all habitats?

Check your understanding
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Glossary of Key Terms

Aquaculture – breeding, rearing, and harvesting of fish, shellfish, plants, algae and other organisms in all types of water 
environments.
Biomass – the amount of living matter.
Climate change – a change in climate patterns apparent since the mid-20th-century and attributed largely to the increased 
levels of atmospheric carbon dioxide produced by humans burning fossil fuels. Overall, temperatures are rising both on land and 
in the oceans (see rising sea surface temperatures).
Continental shelf – is the edge of a continent that lies under the ocean.
Commercial fishing – the people and companies who catch fish to sell them.
Cumulative risk – the combination of risks created when an environment faces multiple threats.
Greenhouse gas emissions – the gases released by the burning of fossils fuels (amongst other things) which, at the rate we 
are burning them warm up the Earth’s atmosphere and ocean.
Habitat – a natural environment of an animal or plant (or other living organisms). It provides food and shelter.
Land-based impact – the impact of land events on the ocean, includes power plants, and inorganic, sediment, nutrient, and 
light pollution.
Marine – found in or produced by the sea.
Marine ecosystem – an ocean-based community of organisms and their environment, each of which interacts with the other. 
Examples include salt marshes, intertidal zones, estuaries, lagoons, mangroves, coral reefs, the deep sea, and the sea floor.
Model – A representation of a thing or system. A mathematical model represents real-world situations using a variety of 
mathematical structures (eg. graphs, equations, diagrams).
Nutrient pollution – occurs when forms of nutrients used in human environments, for example, fertilizers used on plants and 
in farming, find their way into water systems and eventually into the ocean. The addition of extra nutrient chemicals causes some 
organisms to grow rapidly, which in turn can damage other organisms. For example, plant fertilizers cause algae to grow, excess 
algae blocks light to the plants at the seabed and they die.
Overfishing – when we deplete a fish population below acceptable levels by either catching them when they are too young or 
harvesting them too fast so that the adults cannot produce enough offspring to replace themselves.
Rising sea surface temperatures / Warming oceans – Due to climate change (see climate change) temperatures are rising 
in our oceans. This rise in temperatures is damaging marine life and habitats, and has knock-on effects for the whole planet, e.g. 
a loss of food sources, more extreme weather.
Renewable (energy sources) – Energy generated without emitting greenhouse gases. These ‘clean’ forms of energy include 
wind turbines, solar panels (energy from the sun) and hydro-power (energy from the movement of water).
Sustainability – Using the earth’s resources to meet the needs of the present without compromising the ability of future 
generations to meet their own needs. For example, fishing a limited amount of fish so that the population continues to survive at 
a steady rate into the future.
Sustainably – see sustainability.
Sustainable seafood – either caught or farmed in ways that consider the long-term well-being of the oceans, as well as the 
livelihoods of people who work in the fishing industry.
Trawling – method of fishing that involves pulling a fishing net through the water behind one or more boats, along the seabed, 
often catching a lot of other animals in the nets (and killing them) and churning up the surface at the bottom.
Trophic impact – changes that take place in an ecosystem when certain organisms are removed from the food chain.

https://doi.org/10.1371/journal.pone.0188776
https://www.noaa.gov/oceans-coasts
https://wwf.panda.org/our_work/oceans/problems/

