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With shocking speed, the 

increasing acidification 

of the world’s oceans has 

been transformed fr om an 

abstract  pr oblem with 

an  indefinite time scale to 

a consequence of climate 

change that has tangible 

effects observable now.  

Scripps Institution of 

Oceanography at UC San 

Diego is part of a global 

effort to bring public 

attention TO a subtle but 

profound crisis THAT needs 

to be understood and 

addressed.



The problem of increasing greenhouse gas concentrations in the atmosphere is well-

known, but the effects of our fossil fuel use on ocean chemistry are only now 

beginning to be understood.

About one-third of the carbon dioxide produced every day by vehicle exhaust, 

coal-fired power stations, and wood-burning stoves around the world is absorbed 

into the oceans.  The gas reacts with seawater, changing its pH and reducing the 

concentration of carbonate ion, an essential component in the calcium carbonate 

that makes up seashells and corals.

Since the late 1980s, researchers at Scripps Institution of Oceanography at UC 

San Diego and elsewhere have recorded a drop in pH at certain ocean locations. 

Recent research has since found falling pH levels in a variety of ocean regions, with 

particularly vulnerable systems being detected in polar waters and off the west 

coast of North America. The decrease is enough to put many key marine organisms 

at risk. The pace of acidification will likely not give many organisms sufficient time 

to adapt. Some estimates suggest, for example, that the growth rate of coral might 

be outpaced by its depletion rate by mid-century. One recent estimate indicates 

that some vulnerable polar ecosystems could experience initial stages of corrosive 

surface waters within 20 to 30 years.

Scripps researchers are designing studies to 

track the effects of acidified seas on marine 

organisms ranging from coral to microscopic 

invertebrates at the base of marine food webs.

Some of the species most vulnerable to 

ocean acidification are vital to ocean food 

webs. Pteropods are small marine snails that 

are a large part of the diet of salmon and 

other commercially important fish species.  

Some pteropod species have shells so 

thin that they are transparent. Increasingly 

corrosive waters threaten the formation of 

these shells and could substantially reduce 

pteropod populations in polar and subpolar 

regions worldwide. Residual effects will 

resonate through ocean food webs.

A number of questions need to be answered 

as soon as possible. Scientists are attempting to 

discover when tipping points for widespread 

damage will be reached and what the effect 

of reducing carbon dioxide emissions will be. 

Researchers are trying to understand the 

difference in reactions to acidification among 

marine species. For example, why are some 

species sensitive to high CO2 concentrations 

while others are not?

Scripps Oceanography is uniquely poised to 

address this growing global problem.  Located 

adjacent to the most studied ocean region 

in the world, the institution’s history of data 

collection makes it a repository of records 

that can help scientists retrace trends in 

ocean chemistry over more than 50 years.  

Scripps scientists have created key reference 

standards used in the measurement of 

seawater carbon dioxide levels. Most 

importantly, though, Scripps is home to 

some of today’s leading ocean acidification 

researchers. They are bridging fields such 

as marine biology, physics, and chemistry to 

bring an interdisciplinary focus to a problem 

that needs answers now.



Left, top to bottom, Ongoing research  

includes deployments of field sensors off the 

California coast; researchers Victoria Fabry 

and Andrew Dickson; the pteropod, ocean 

acidification’s emblematic organism.

The Foundation: 
Data Collection 
at Scripps

Ocean CO2 Measurements

The record of rising atmospheric carbon 

dioxide levels is often referred to as the 

Keeling Curve after Charles David Keeling, 

the Scripps geochemist who began a 

steady measurement series atop Hawaii’s 

Mauna Loa in 1958. Keeling also launched 

a complementary measurement series 

of carbon dioxide concentrations in the 

oceans, which today is led by Scripps 

marine chemist Andrew Dickson. Dickson 

has also created a reference standard for 

proper measurement of ocean CO2 levels. 

It is the basis of a protocol followed by 

marine chemistry labs around the world. 

Today Dickson’s lab prepares and bottles 

thousands of reference samples each year  

for distribution throughout the research 

community.

CalCOFI

For some 60 year s , the Ca l i forn ia 

C o o p e r a t i v e  O c e a n i c  F i s h e r i e s 

Investigations (CalCOFI) has gathered 

fundamental biological, chemical, and 

physical data within a grid off the West 

Coast. Scripps biological oceanographer 

Mark Ohman is facilitating an effort to 

look back through decades of CalCOFI 

information to estimate changes in ocean 

CO2 levels over time. Researchers 

anticipate that the endeavor will provide 

crucial historical context for current 

ocean acidification trends.



The Future: 
Collaborative 
Research at Scripps
Biological Impact Assessments

Dickson and biological oceanographer Victoria 

Fabry, a visiting research scientist at Scripps, will lead a study funded by the California Ocean Protection 

Council that will include complementary field and lab components. The researchers, working with 

colleagues from several West Coast research centers, will deploy a mooring off the Northern California 

coast equipped with carbon dioxide sensors. The mooring will enable updates of carbon dioxide levels 

in nearshore waters in near real time. 

	 The researchers will also design lab studies to examine the effect of elevated carbon dioxide 

levels on calcification rates in red sea urchins, abalone, and oysters at different life stages. The project 

will begin in late 2009.  Fabry will also deploy a second mooring off Carlsbad, Calif. to make similar 

measurements in Southern California waters. 

Ocean Climate Monitoring

Scripps physical oceanographer Uwe Send developed a mooring outfitted with a surface water 

carbon dioxide sensor provided by NOAA’s Pacific Marine Environmental Laboratory, which Send first 

deployed with Ohman off the California coast in 2008.  The mooring joins an open ocean monitoring 

effort known as OceanSITES. OceanSITES is building a network of stations around the world’s oceans 

to collect long time-series measurements of trends in ocean climate and ecosystem dynamics.

The Mission: Bringing Ocean 
Acidification to a World Stage
The Monaco Declaration

Fabry and Dickson joined 150 leading scientists in signing the Monaco Declaration in 2008. The 

document was presented in conjunction with the second international symposium “The Ocean in a 

High CO2 World” and urged immediate action toward reduction of greenhouse gas emissions.

Prince Albert ii of Monaco and the Roger Revelle Prize

In October 2009, Scripps honored a champion of ocean acidification research and his efforts to bring 

the issue into households and legislative halls around the world. The institution presented His Serene 

Highness Prince Albert II of Monaco with the Roger Revelle Prize at Scripps. The prize recognizes 

leaders in public and private sectors whose outstanding contributions advance or promote research 

in ocean, climate, and earth sciences. 

Left, Victoria Fabry and  colleagues exposed a pteropod  shell to carbonate

ion-depleted seawater  with acid levels set to the pH of Southern Ocean water 

expected in 2100.  The  shell dissolved after 45 days. Below, Rising CO2 levels in 

the  atmosphere, plotted on the famous Keeling Curve, directly correspond 

to  increasing acidity (decreasing pH) of seawater.

inquiries:
858-534-3624 

scrippsnews@ucsd.edu
scripps.ucsd.edu/Ocean_Acidification

Printed on FSC Certified paper with vegetable oil-based inks.    11/2009

P
ho

to
 c

re
di

ts
: D

av
id

 L
iit

ts
ch

w
ag

er
, N

at
io

na
l G

eo
gr

ap
hi

c 
St

oc
k.

 

UC San Diego

Y E A R




