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The ocean is becoming more acidic: the mysteries and 
consequences of ocean acidification   © 2016  Jan A. Pechenik  
 
 Data collected over many decades make it clear that the world in general is getting 

warmer.  The evidence for climate change, and planet warming in particular, is pretty 

convincing for those willing to take a look at it: melting glaciers; well-documented, 

temperature-related habitat shifts for a variety of organisms including many plants, birds, 

and marine animals; and rising sea levels.  Of course, daily weather patterns have always 

been somewhat erratic, especially here in New England, and the actual scientific data 

indicating that climate change really is occurring and the models predicting rates of 

change and where those changes may lead are complex and not easily understood by 

those outside the field.  Perhaps more to the point, the idea of global warming is easily 

ridiculed by New England AM radio hosts whenever we have an unusually cold day.   I 

prefer to call the problem Global Climate Confusion, which is probably a pretty good 

description of what lies ahead.  But here is something that is much more straight-forward, 

and much more difficult to doubt, and far more difficult to ridicule: The world’s oceans are 

becoming more and more acidic. 

 The world´s oceans are in fact at least 25% more acidic than they were at the start 

of the Industrial Revolution, something that was well underway over 200 years ago. 

Acidity is not that hard to measure, and people have been making those measurements in 

oceans all around the world for a great many years, starting in the 1800’s; monitoring has 

been especially frequent and precise over the past 65 years.  I have yet to hear anyone 
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deny that the ocean has indeed become measurably more acidic during that time.  The 

data are very clear.   

 So what accounts for this documented increase in ocean acidity?  Well here’s a 

clue:  ocean acidity has increased in line with the shift from relatively small numbers of 

people on the planet making things by hand and traveling by foot, sailing boats, and 

horses, to a modern industrial lifestyle with lots of power generation, machines, cars, 

trucks, airplanes, cargo ships, cement manufacturing, and deforestation…and billions 

more people.    The lifestyle benefits of industrialization are many.  But one of the 

consequences is the production of excessive amounts of carbon dioxide (CO2), which is 

released into the earth’s atmosphere, day after day after day.  Over just the past 50 or 60 

years, the carbon dioxide concentration in air has risen quite a lot, all around the world. 

For example, Figure 1 (below) shows data recorded from the Mauna Loa monitoring 

station in Hawaii over 5 decades, from about 1960 to 2010.  The carbon dioxide 

concentration at the monitoring station in Hawaii has gone from less than 320 parts per 

million in 1960, to nearly 400 ppm today.    That’s an increase of about 25%, just in that 

50-year period.  Pre-industrial levels of CO2, by the way, were about 280 ppmv, about 30% 

lower than they are today.  By the year 2100, CO2 levels in air are expected to be about 

double what they are today.  The rates of increase that have been documented over the 

past 6-20 decades are far greater—by several orders of magnitude--than any changes that 

have occurred on this planet for millions of years.   
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Figure 1.    Carbon dioxide concentration in air at a monitoring station in Hawaii.   

Source:  http://uwpressblog.com/2014/06/25/behind-the-covers-joshua-howes-

behind-the-curve/ 

 

  About one-third of the excess CO2 in air is being absorbed by the world’s oceans.  

That slows the global warming problem, since CO2 in the air (but not the oceans) keeps 

heat from escaping from the Earth, but it is not so good for the animals and plants living in 

the sea.  When carbon dioxide (CO2) from the air dissolves in water, it forms carbonic 

acid (H2CO3).  And that´s where the acidification problem lies.  The more CO2 that the air 

contains, the more CO2 the ocean absorbs; the more the ocean absorbs, the more acidic 

the seawater becomes. Here is a pretty safe prediction: by the year 2100, the world’s 

oceans will be substantially more acidic than they are now as they continue to absorb 

more and more carbon dioxide from the air.   For chemists in the audience, ocean pH is 

http://uwpressblog.com/2014/06/25/behind-the-covers-joshua-howes-behind-the-curve/
http://uwpressblog.com/2014/06/25/behind-the-covers-joshua-howes-behind-the-curve/
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expected to go from its current average level of about 8.1 down to about 7.7 to 7.9 over 

the next 80 years or so.   That may not seem like much of a change, until you realize that 

the pH scale is logarithmic: a downward shift from pH 8.0 to pH 7.0 corresponds to a 10-

fold increase in acidity. 

 Note that the undisputed increase in ocean acidity—and we’re not talking about 

simply Boston Harbor, we’re talking about the world’s oceans in general—adds indirectly 

to the evidence for global warming. As noted above, CO2 is a major greenhouse gas, 

making it harder for heat to escape from the Earth’s surface.  And so the increasing acidity 

of the world’s oceans indirectly confirms the increasing concentrations of CO2 in the air; 

planet warming is an inevitable consequence.  It’s also worth noting that scientists are a 

very skeptical group of people; they earn points by proving others wrong.  Hundreds of 

scientists have looked for alternative explanations for the documented increases in ocean 

acidity, but have found none.  Volcanic activity, for example, is a good source of CO2 input 

into the atmosphere, but volcanic activity has not increased over at least the past several 

hundred years.   

A great deal of research has been conducted over the past 15-20 years about how 

increasing ocean acidity may be affecting marine animals, plants, and algae: their survival, 

their growth, their resistance to predators, how successfully they reproduce, and even 

how animal behavior may be affected.   So, what is the impact of a substantial increase in 

ocean acidity on animal and plant life?  In laboratory studies, some animals die.   But there 

are many other, more subtle effects of increased seawater acidity.  The nutritional 

chemistry of single-celled phytoplankton--which form the basis for most marine food 
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webs and provide us with about half of our terrestrial oxygen—changes under more 

acidified conditions, potentially affecting the growth and health of the many marine 

animals that feed on them.   In addition, calcium carbonate shells are harder for animals 

to make under acidified conditions, and will actually dissolve if the water becomes acidic 

enough.  That creates many problems for the tiny but sturdy protective shells made by 

corals (the “reef” in coral reef) and those of shelled animals like snails, oysters, clams, and 

mussels.  The shells of the microscopic larval stages of those molluscs are quite thin and 

only weakly calcified to begin with, and so will be particularly vulnerable to acidity 

increases.    In some cases the shells are found to become thinner and weaker.   In some 

other cases shell thickness doesn’t change; instead, the animals grow much more slowly, 

because they have to direct extra energy into constructing their shells in the face of more 

acidic surroundings.  Slower growth rates of shelled molluscs are a concern for those in 

the shellfish aquaculture industry, and a more general concern as well, since most marine 

animals appear to be especially vulnerable to predators when they are small.   

 Surprisingly, it turns out that animal behavior can also be affected by increasing 

ocean acidity, and in completely unexpected ways.   Recent studies (Dixson et al., 2010; 

see full reference below) have shown, for example, that under normal conditions the 

larvae of clownfish (Amphiprion percula--think Nemo!) can chemically sense their 

predators from a distance and swim the other way.   But when the larvae were placed in 

more acidic seawater (pH 7.8 rather than the present control level of 8.1), not only didn’t 

they swim away from the predator scent in the water, they actually swam towards that 

scent!  That can’t be a good thing. 
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 Research on the potential effects of continued ocean acidification is continuing at 

a rapid pace; more than 26,000 research papers have been published on the topic since 

2005, with 80% of those published since 2010!  Some organisms will be affected more 

than others, and some species may be able to adapt to changing conditions. Predicting 

exactly how marine communities will be affected by increasing ocean acidification will be 

difficult, as the exact impact of acidification will also be affected by rising seawater 

temperatures, rising sea levels, increasing levels of pollutants, and changing rainfall 

patterns. In addition, it has become quite clear that species differ in their sensitivity to 

various environmental changes, and that the sensitivity of different life history stages 

differs within a species as well.  To top it off, interactions between marine organisms at 

various life-history stages are highly complex and difficult to observe in nature.  There is 

really only one way to do this complex, unprecedented experiment, and we are all 

participating.   Whatever the actual consequences are, they are likely to be devastating.  

For one thing, we get much of our food, and about 50% of our oxygen from marine 

organisms.  The most sensible thing to do is to reduce our CO2 emissions now, as much as 

possible, and as quickly as possible.   
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Videos: 

1. Acid Test: The Global Challenge of Ocean Acidification 

 https://www.youtube.com/watch?v=5cqCvcX7buo 

2. Ocean Acidification by the Alliance for Climate Education 
 

 https://www.youtube.com/watch?v=Wo-bHt1bOsw 

3. Rob Dunbar: The Threat of Ocean Acidification 
 

https://www.youtube.com/watch?v=5cqCvcX7buo
https://www.youtube.com/watch?v=Wo-bHt1bOsw
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https://www.youtube.com/watch?v=evfgbVjb688 

4. Demystifying ocean acidification and biodiversity impacts (from the California 
Academy of Science; includes a detailed tutorial about pH) 
 
https://www.youtube.com/watch?v=GL7qJYKzcsk 

5. Nova—What is Ocean Acidification? 

http://www.pbslearningmedia.org/resource/nvls-sci-acidification/what-is-ocean-

acidification/ 

6. Nova—Lethal Seas 

http://www.pbs.org/wgbh/nova/earth/lethal-seas.html 

 

General article about current ocean acidification research (Dec 21 2015): 

“Crusading scientist showed link between ocean's decline, GHGs” 

http://www.eenews.net/greenwire/2015/12/21/stories/1060029821 
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