
CHANGING CLIMATE: 
CHANGING OCEANS



INTERCONNECTIVITY

• All parts of a system interact with and rely on one another 
simply by the fact that they occupy the same system. 

• Example is an ecosystem.  All participants exist in a fragile 
equilibrium.  Loss of one participant changes the ecosystem. 

When we try to pick out anything by itself, we find it hitched to everything else in the Universe.

 John Muir



INTERCONNECTION: THE OCEAN AND YOU

The ocean covers more than 70% of the Earth's surface, 

Here is exactly how our health and well-being are affected by the ocean:

  Coral reefs are the medicine chests of the sea. New drugs for the treatment of cancer and other diseases are being discovered daily from coral reefs and 
their inhabitants. Worldwide, coral reefs are bleaching due to global warming and local threats. The loss of coral reef habitats means also the loss of the 
organisms that live there.

  The oceans provide the world with nourishment. Fish and shellfish from the sea feed millions worldwide. The ocean, however, is not an inexhaustible 
resource and contaminants dumped into the sea accumulate in the same fish that become our dinner. Toxic fish can cause heart and brain damage in 
humans.

  The sea governs the chemistry of our planet.
  Oceans shape the world’s weather patterns and help regulate the Earth’s temperature.
  Fishing is an essential part of our global economy, as well as to local coastal economies. The depletion of the world’s fish stocks could mean the potential 

loss of millions of jobs and collapse of many economies.
  Humans depend on the ocean also for recreational activities and as a place for rest and respite.
  Ocean ecosystems house the world’s largest biodiversity. The richer the biological life our planet holds, the better equipped we (and the planet’s ecosystems) 

will be to withstand and recover from a variety of disasters.
  Oceans and its structural forms, such as coral reefs, provide coastlines protection against storms and wave action.
  Marine resources are tremendously valuable to the world’s economies.
  A healthy ocean improves human health by increasing incomes and diversifying jobs.
Bottomline: Ocean protection equates to improved food security, better livelihoods and the continuation of cultural tradition.



WATER CYCLE
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THE OCEANS PROVIDE OXYGEN.

•Marine 
phytoplankton 
provide >50% 
of oxygen you 
breathe.

Phytoplankton in the ocean provide more than half of our oxygen and Humans have derived unmeasurable inspiration, joy, recreation and relaxation from the ocean for millennia.



THE OCEANS PROVIDE FOOD.

• Oceans are the main 
protein source for one 
in four people 
worldwide, which 
means that over one 
billion people depend 
on fisheries for protein 
each year.

More than half a billion people, mostly artisanal fishers, owe their livelihoods to the seafood industry.



THE OCEANS PROVIDE JOBS.

• The total annual commercial harvest 
from the seas exceeds 85 million 
metric tons. 

• Fisheries also provide livelihoods to 
billions of people and generate 
tremendous economic benefits 
calculated at a total catch value of US
$80-85 billion per year.

• Marine tourism provides livelihoods 
and spurs economic development, 
particularly in emerging economies.



THE OCEANS PROVIDE FUN 
AND RELAXATION.

• Recreation

• Stress reduction

• Sounds



THE OCEAN PROVIDES BEAUTY.

•Aesthetics

•Cost of ocean front 
homes 25 - 50% more

The tropical ocean is the source of most of the rainfall throughout the world. Some of the most consequential rainfalls are generated by the seasonal monsoons, 
especially over Asia. In the summer, the centers of continents heat up, drawing moist air from the cooler ocean. The heavy monsoon rains over much of Asia not only 
provide these countries with critical moisture, they release tremendous amounts of latent heat which helps drive atmospheric circulation. A similar process fuels the 
North American monsoons, which provide important summer rainfall to the southwestern United States and northwestern Mexico.

Phytoplankton in the ocean produce dimethyl sulfide (DMS) that is converted to sulfate aerosols (SO4), which influence the amount of sunlight reflected by clouds.



THE OCEANS ARE HOW WE 
TRANSPORT OUR GOODS.

•90% of goods are 
transported on the 
world’s oceans. 



THE OCEANS PROVIDE ENERGY.

•Fossil fuels

•Wave



THE OCEANS HOUSE AN 
AMAZING DIVERSITY OF LIFE.

• 50-80% of all life on earth is 
found under the ocean surface. 

• The oceans contain 99% of the 
living space on the planet. 

• Less than 10% of that space 
has been explored by humans. 

• The deep sea is 85% of the 
area and 90% of the volume. Yeti crab

he feathery hairs or "setae" on the Yeti crab's arms are covered by dense colonies of filamentous bacteria. Scientists speculate that the Yeti crab might cultivate and eat these bacteria.
Image: (c) 2005 Ifremer / A. Fifis

An international team of scientists recently announced the discovery of a new species of blind deep-sea crab whose legs are covered with long, pale yellow hairs. This crab was first 
observed in March 2005 by marine biologists using the research submarine Alvin to explore hydrothermal vents along the Pacific-Antarctic ridge, south of Easter Island. Because of its hairy 
legs, this animal was nicknamed the "Yeti crab," after the fabled Yeti, the abominable snowman of the Himalayas.

After returning to shore, researchers Segonzac and Jones worked with Enrique Macpherson from the Consejo Superior de Investigaciones Científicas (CSIC) in Spain to identify the crab 
they had collected. They found that the crab was not only a new species (which they named Kiwa hirsuta), but an entirely new family (Kiwaidae). The Yeti crab is a distant relative to the 
hermit crabs commonly seen lurking in tide pools.



THE OCEANS MODERATE 
OUR CLIMATE.

The oceans are in constant motion both from winds that generate waves and currents and from the pull of gravity that creates the tides. A factor not as well known, 
thermohaline circulation, occurs deep within the ocean and acts like a conveyor belt as oceans absorb, store, and redistribute vast amounts of the Sun's heat 
around the globe. Without this, places at the same latitude across the globe would generally have the same average temperatures. However, because of this 
circulation, Norway ? located at similar latitude to Manitoba, Canada ? has an average annual temperature that is nearly 20°F warmer.

Thermohaline circulation is driven by changes in the density of sea water. The conveyor belt transfers warm water from the Pacific Ocean to the Atlantic as a shallow 
current and returns cold water from the Atlantic to the Pacific as a deep current that flows further south.

The deep water slowly travels south through the oceanic abyss, eventually mixing upward to the surface in different parts of the world up to 1,000 years later.

he ocean conveyor belt plays a crucial role in helping to shape the Earth's climate. However, global climate changes could alter, or even halt, the current as we know it 
today. As the Earth heats up, there could be an increase in precipitation and a melting of freshwater ice in the Arctic Ocean (when salt water freezes it leaves the salt 
behind), which would flow into the Atlantic Ocean. This additional freshwater could dilute the Atlantic Gulf Stream to the point where it would not continue to sink into 
the depths of the ocean.

The The tropical ocean is the source of most of the rainfall throughout the world. Some of the most consequential rainfalls are generated by the seasonal monsoons, 
especially over Asia. In the summer, the centers of continents heat up, drawing moist air from the cooler ocean. The heavy monsoon rains over much of Asia not only 
provide these countries with critical moisture, they release tremendous amounts of latent heat which helps drive atmospheric circulation. A similar process fuels the 
North American monsoons, which provide important summer rainfall to the southwestern United States and northwestern Mexico.



THE OCEANS CYCLE MAJOR 
ELEMENTS, PARTICULARLY CARBON.



INTERCONNECTION: OCEAN MICROBES AND YOU





MICROBIOME



• Oxygen & food 
production, carbon 
cycling & climate relies 
on ocean microbes.

• 55% of all biological 
carbon fixed is captured 
by marine organisms.

Diatom

• They serve as the base of the food web. Life in the oceans depends on 
microbes.

• Many photosynthesize and drawdown a vast amount of CO2.  Global 
temperature is greatly impacted by these organisms.



Scientists are learning that marine organisms can also affect the types of clouds that form. Many plankton release a chemical called dimethyl sulfide into the 
atmosphere. This chemical undergoes a series of reactions in the air to form sulfate particles. Vapor condenses around these particles to form clouds. These clouds 
have smaller droplets than other clouds. They therefore are brighter and reflect more sunlight back out into space, preventing the sunlight from reaching and heating 
Earth’s surface.



MARINE MICROBES ARE 
VASTLY ABUNDANT.

• >1 billion in a liter of seawater

• 98% of the oceanic biomass

• We know about less than 10%

A new species of giant sulfur bacteria found the in the Southeast Pacific Ocean may provide insight into early forms of life on earth and could provide a potential 
model for the search for extraterrestrial life.

It has been hypothesized in recent decades that the study of organisms from light and oxygen deficient environments could provide insight into the evolutionary history of early life 
on Earth. Ancient seas, almost universally accepted as the cradle of life on Earth, were highly deficient in oxygen and lacked the same light regimes that we observe on Earth today. 
Thus, it is proposed that early life was likely chemoautotrophic, much like the organisms found in hydrothermal vent communities today. A new community of giant 
chemoautotrophic sulfur bacteria found in the Southeast Pacific Ocean may provide further information for scientists seeking to answer questions regarding the evolution of life on 
this planet, and perhaps life on other planets.

First observed in 2004, communities of large, filamentous bacteria have been collected at numerous sites in the Southeastern Pacific Ocean including from oxygen deficient 
continental shelf sediments along the north and central coast of Chile, from a muddy beach near a mangrove swamp in Panama, and in the organically rich sediments beneath a 
salmon aquaculture pen in southern Chile. All of these sites are characterized by high levels of hydrogen-sulfide and low levels of oxygen. This fact, coupled together with the 
presence of sulfide particles inside the cells, is suggestive of sulfide-based chemosysthesis. These communities likely play an important role in the trophic web of the ecosystem 
where they are present by contributing to overall productivity. The extent of this role and the importance of these communities to the health of the larger ecosystem has yet to be 
determined. These questions and other raised by the discovery of this community will provide research avenues for the future.

Another interesting fact about these giant bacteria is that their large filamentous morphology as well as their multicellular nature is similar to fossils of early life on Earth. These 
fossils were previously described as photosynthetic cyanobacteria, but may now have to be re-examined in light of this new Census of Marine Life discovery. The fact that the 
dating of the fossils did not match the emergence of an oxygen rich atmosphere in Earth's history suggests that they may actually be fossils of chemosynthetic bacteria, similar to 
those that make up this newly discovered community.



WHO ARE THEY?  
HOW MANY?  

WHAT ARE THEY DOING?





Extract 
DNA 

Extract 
RNA 

Amplify & Convert 
to cDNA 

Sequence 

ATCGCCTAGTCAGTCCTAAT
CGTCAGTCTTATCTGAGTCT
TAGCATAATCGAGGTACAAC
CTCGATGACGTACA 

Environment 

Develop probes 

Quantify Genes 



WHAT FLAVOR OF CARBON IS 
PREFERRED BY BACTERIA?



ARE MARINE BACTERIA COMPETING WITH 
PHYTOPLANKTON FOR NO3

- ?



INTERCONNECTION: THE OCEAN’S PROBLEMS AND YOU



OVERFISHING



KEY WEST, FLORIDA 
1958



1965 - 1979



1980-1985

We have put too much into the ocean, in the form of oil, sewage, fertilizers and pesticides, antibiotics, plastic pollution, noise and increasing levels of CO2.

We have taken too much out of the ocean by subsidizing and encouraging inefficient and destructive overfishing, bottom trawling, long-lining, purse seining, dynamite fishing, irresponsible aquaculture and 
illegal hunting.

We have destroyed the edge of the ocean -- places like wetlands, kelp forests, mangrove forests, river deltas, coral reefs and seagrass beds -- where diversity and abundance once thrived, now turned into 
dead zones growing in size and number.

As a result of our behavior, the wildest animals and most remote beaches on the planet carry plastic in them, coral reefs are on the verge of disappearing, shark populations have been decimated, the ocean is 
warming and becoming more acidic and fisheries are predicted to collapse globally.

This situation will only continue to spiral downward, unless we listen, learn and change.
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POLLUTION



Oil



Plastics



BALLOONS?
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70.6% OF THE NITROGEN IS FROM 
AGRICULTURE.

3rd largest on the east coast



DEAD ZONES

Hypoxic zone in the Gulf of Mexico. The brown water is enriched in nutrients and sediments from the Mississippi River. Algal 
blooms from the enriched water create the hypoxic zone. Image courtesy of Nancy Rabalais (Louisiana Universities Marine 
Consortium) and can be found on the Southern Regional Water Program web site.



SPECIES LOSS



Coral reefs are dying off rapidly.

Bleached staghorn coral. Photo credit: Matt Kieffer
http://blogs.ei.columbia.edu/2011/06/13/losing-our-coral-reefs/



VIRGINIA 
SEA LEVEL RISE

coastal flooding due to storms
Hurricane Isabel weaker than 1933 hurricane but same storm tide
Long-term sea level rise will permeate all levels of Virginia’s resources, including transportation, infrastructure, military in- stallations, marine ecosystems, 
agriculture, human health, and recreation.

Potential release of harmful chemicals from industries



VIRGINIA
ECOSYSTEM CHANGE

Changes in seasonal timing of plant and animal life events and invasion by non-native species can disrupt the seasonal match between animals and their food, 
with important consequences for society. For example, in Chesapeake Bay jellyfish are now “blooming” considerably earlier in the year than they did in the 
cooler 1960s. A potentially important consequence is that the jellies compete for food with fish larvae, potentially interfering with fish recruitment. Such 
changes in predator-prey interactions are common consequences of climate warming,10 and would exacerbate the chronic problem of eutrophication in 
Chesapeake Bay.

Temperature change will mean the loss of eelgrass

disease in oysters, crabs and finfish

The Chesapeake Bay has become home to at least 200 alien species during the four centuries since European colonization.8 These invaders include the 
predatory Rapa whelk and, importantly, the oyster disease MSX (Haplo- sporidium nelsoni). Invasion by non-native species (such as zebra mussels, which 
have recently invaded the Susquehanna River system that flows into the northern Bay) can have major impacts on ecosystems and is often facilitated by 
habitat disturbance or stress. Changing climate is one key stress (Figure 5).

Altered Disease Dynamics. The decline of Virginia oysters has been aggravated by dis- eases since the 1950s.



OCEAN ACIDIFICATION



Data from R.A. Feely, Pacific Marine Environmental Laboratory, National Oceanic and Atmospheric Administration, USA, with atmospheric data from Pieter 
Tans and seawater data from David Karl.  Adapted from Feely (2008) in Levinson and Lawrimore (eds), Bull. Am. Meteorol. Soc, 89(7): S58.

Since the Industrial Revolution, there has been a sharp increase in atmospheric CO2 as a result of human activity, primarily from burning fossil fuels.
The oceans have absorbed up to half of this excess CO2, which has resulted in changes in the chemistry of surface seawater.
The CO2 in the water, which leads to the formation of carbonic acid, has caused the pH of surface oceans to fall by 0.1 units, and it is projected to fall a 
further 0.3-0.4 pH units by the end of the century.

The story of ocean acidification is quite simple. More carbon dioxide in the atmosphere leads to more carbon dioxide dissolving in the ocean (see graphic below from NOAA showing the 
steady rise in atmospheric carbon dioxide as measured atop Hawaii’s Mauna Loa volcano).

see figure downloaded

This in turn causes the ocean to become slightly more acidic over time—meaning the pH is decreasing little by little (see the light blue line in the figure below). This increasing acidity is a 
concern because all sorts of chemical reactions in the ocean depend on the acid-base chemistry of the ocean. A slight shift in pH, and a chemical reaction might proceed more slowly, or not 
at all. There are tiny organisms who rely on such chemical reactions to create shells and other structures. Corals depend on ocean chemistry to create their structures.

THE pH SCALE
30 million tons of carbon dioxide our oceans absorb every day

more acidity than they have at any time in the last 400,000 years



Ocean Acidification

Ocean acidi)ication, or "OA" for short, is the term given to the chemical changes in the ocean as a result of carbon dioxide emissions.

The shift in the waters' chemical make-up not only increases its acidity, but reduces the availability of carbonate ions, which many creatures use to build 
shells and skeletons out of calcium carbonate
Acidification reduces the waterʼs carrying capacity for calcium carbonate that corals need to build their skeletons. Even a small decrease in the coralʼs ability to construct its 
skeleton can leave it vulnerable to erosion, and research suggests that coral reefs will begin to dissolve if atmospheric carbon dioxide levels double this century. Itʼs estimated 
that by 2050, only 15% of coral reefs will have enough calcium carbonate for adequate growth.

The decrease in available carbonate ions means that organisms, such as plankton, coral and molluscs, struggle to build or maintain their protective or 
supportive structures.

When carbon dioxide enters the ocean, it combines with seawater to produce carbonic acid, which increases the acidity of the water, lowering its pH. Although it is unlikely that 
the ocean will ever become actual acid (fall below a pH of 7.0), the term acidification refers to the process of the oceans becoming more acidic.

A consequence of the oceans becoming more acidic is the binding up of carbonate ions, which are used by marine creatures to make their calcium carbonate shells and 
skeletons. As the availability of carbonate ions decreases, it becomes more difficult for these animals to build their calcium carbonate structures. Imagine trying to build a house 
while someone keeps stealing your bricks.

As the oceans become more acidic, it will become progressively more difficult, if not impossible, to build calcium carbonate shells and skeletons. By the middle to end of this 
century, parts of the oceans will be corrosive enough that they will cause already formed calcium carbonate to dissolve.



C. leptoporus coccospheres: grown under normal pCO2 
and under elevated pCO2 

• Ocean acidity has increased by 30% since the beginning of the Industrial Revolution.
 • This increase is 100 times faster than any change in acidity experienced by marine organisms for at least the last 20 million years.
 • Today’s human-induced acidification represents a rare event in the geological history our planet.



The pH of the ocean surface has already fallen 0.1 units, representing a 30 percent increase in acidity. By the end of this century, if current emission trends continue, it could 
fall by another 0.3 units, thereby increasing the acidity of the oceans by almost 2.5 times. The pH scale can be misleading because it is logarithmic, so its units may seem 
incremental, when in fact, they represent major changes in acidity.

As the oceans become more acidic, it will become progressively more difficult, if not impossible, to build calcium carbonate shells and skeletons. By the middle to end of this 
century, parts of the oceans will be corrosive enough that they will cause already formed calcium carbonate to dissolve.

Below is an animation showing a computer recreation of surface ocean pH from 1895 to the present and a forecast of ocean pH between now and 2100 under business as 
usual emission scenarios. Purple dots show cold-water coral reefs. Red dots show warm-water coral reefs. The pH scale is shown on the right. Becoming more acidic is a 
relative shift in pH to a lower value.

The current concentration of carbon dioxide in the atmosphere is much higher than it has been at any time over the course of human civilization. In fact, as far back as 
scientists have currently determined (800,000 years), the natural range has not exceeded 300 ppm. If we continue on our current emissions trajectory, by 2050 ocean pH will be 
lower than at any point in the last 20 million years.

Even more significant is the rate at which ocean chemistry is changing. The current rate of acidification is at least 100 times faster than any time period over the last few 
hundred thousands years and is it most likely unprecedented in Earth's history. Carbon dioxide is being absorbed so rapidly that it is likely that many marine organisms will not 
be able to adapt to the quickly changing conditions.

The current concentration of carbon dioxide in the atmosphere is much higher than it has been at any time over the course of human civilization. In fact, as far back as 
scientists have currently determined (800,000 years), the natural range has not exceeded 300 ppm. If we continue on our current emissions trajectory, by 2050 ocean pH will be 
lower than at any point in the last 20 million years.

Even more significant is the rate at which ocean chemistry is changing. The current rate of acidification is at least 100 times faster than any time period over the last few 
hundred thousands years and is it most likely unprecedented in Earth's history. Carbon dioxide is being absorbed so rapidly that it is likely that many marine organisms will not 
be able to adapt to the quickly changing conditions.

One of the major concerns is that the most vulnerable species to ocean acidification are also some of the most important for healthy marine ecosystems. Ocean acidification 
may adversely impact some plankton species, and their loss would ripple through food webs to impact larger animals like fish and whales.

Corals are also very susceptible to the impacts of ocean acidification and coral reefs are some of the most beautiful and biologically diverse habitats on the planet. Ocean 
acidification has the potential to cause widespread changes in marine ecosystems which may eventually disrupt the ocean goods and services we depend on. If nothing is done 
to help curb ocean acidification, its negative impacts may be felt on the marine environment, local communities, and all the way up through the global economy 



The pH of the ocean surface has already fallen 0.1 units, representing a 30 percent increase in acidity. By the end of this century, if current emission trends continue, it could 
fall by another 0.3 units, thereby increasing the acidity of the oceans by almost 2.5 times. The pH scale can be misleading because it is logarithmic, so its units may seem 
incremental, when in fact, they represent major changes in acidity.
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The current concentration of carbon dioxide in the atmosphere is much higher than it has been at any time over the course of human civilization. In fact, as far back as 
scientists have currently determined (800,000 years), the natural range has not exceeded 300 ppm. If we continue on our current emissions trajectory, by 2050 ocean pH will be 
lower than at any point in the last 20 million years.

Even more significant is the rate at which ocean chemistry is changing. The current rate of acidification is at least 100 times faster than any time period over the last few 
hundred thousands years and is it most likely unprecedented in Earth's history. Carbon dioxide is being absorbed so rapidly that it is likely that many marine organisms will not 
be able to adapt to the quickly changing conditions.

One of the major concerns is that the most vulnerable species to ocean acidification are also some of the most important for healthy marine ecosystems. Ocean acidification 
may adversely impact some plankton species, and their loss would ripple through food webs to impact larger animals like fish and whales.

Corals are also very susceptible to the impacts of ocean acidification and coral reefs are some of the most beautiful and biologically diverse habitats on the planet. Ocean 
acidification has the potential to cause widespread changes in marine ecosystems which may eventually disrupt the ocean goods and services we depend on. If nothing is done 
to help curb ocean acidification, its negative impacts may be felt on the marine environment, local communities, and all the way up through the global economy 



INTERCONNECTION: YOU AND THE OCEAN



CO2

You Oceans

Microbes



GET INTERCONNECTED

• Know yourself

• Work together

• Set strict deadlines

• Be yourself and let 
others be their selves.  



NATIONAL ACTION STEPS

• Sign Oceana’s “Stop the 
Drill” petition and look 
into acidification for 
Obama and congress.

• Encourage your 
representative to support 
Rep. Inslee’s legislation 
HR989 on ocean 
acidification as urgent.

• Send a postcard to 
Senator’s to STOP 
delaying climate change 
legislation. 
www.congress.org

• Support the CWA. 
www.pewenvironment.org

• Overturn Citizen’s United.

http://www.pewenvironment.org
http://www.pewenvironment.org


LOCAL ACTION STEPS

• Reduce land use and 
expansion.  Fill in areas 
that are in disuse.

• Increase energy 
efficiencies.  Use 
alternative energy.  
Consider green 
rooftops  like Chicago’s 
to keep buildings cool.

• Improve transportation, 
alternative fuels, 
formalized carpools, 
bike lanes and rentals 
like  Paris, bus rapid 
transit like Bogota.

• Protect rivers from 
pollution and trash.



INDIVIDUAL ACTION STEPS

• Download Fishphone     www.blueocean.org/fishphone

• Buy less plastic, recycle, reusable bags, no balloons

• Host a screening of A Sea Change www.aseachange.net



All things are connected.  Whatever befalls the earth befalls the sons 
of the earth. Man does not weave the web of life; he is merely a 
strand of it.  Whatever he does to the web, he does to himself.  

  --Ted Perry, 1972


