
MARINE BIOL-
OGY ROUNDUP 
2007
Has this been a year of achieve-
ment in marine biology and a 
good one for the marine environ-
ment? Read on. 

The news of 2007 has one big overprint: 

Climate change. Nothing we do anymore 

in the ocean can omit it. As is well known 

by now, The Intergovernmental Panel on 

Climate Change and Al Gore were jointly 

awarded the Nobel Prize for Peace. In 

recent years, the Award Committee has 

turned to the environment as a major part 

of the equation for world peace. And how 

could they not turn in this direction? War, 

famine, public discord...all arising from 

rearrangements of climate and lack of 

availability of resources such as energy 

and food. Will this get any better soon? 

We all doubt it. The drum beats louder 

every day but we don’t seem to be moving 

effectively enough or fast enough.

As much as 2006 was the year to worry 

about declining fisheries, the past year 

revealed the imminent collapse of coral 

reef ecosystems throughout the world. 

Those of us who love coral reefs can still 

find remote outposts to dive and enjoy, 

but the overall picture is grim. The most 

spectacular and humanly accessible ma-

rine community is under assault from 

overfishing, habitat disturbance, and now 

by the shear volume of carbon dioxide we 

spew into the atmosphere. Who would 

have thought that coral reefs, a warm 

fuzzy tropical habitat revered in song and 

story from Palau to Bonaire, would be in 

danger from smokestacks in Newark and 

Beijing? Bad enough that some reefs have 

been badly mauled by overfishing, dyna-

mite, megahotels and cruise ships, but the 

changes coming may spell the end of 

reefs as we know them.

During the past few years, worry about 

the future of the world’s coral reefs has 

[1]

Great Wave Off Kanagawa
This famous image is the great 
wave, as captured by the Japanese 
artist Hokusai. The work is famous 
for its beauty and reality.

MBNEWS
JANUARY - FEBRUARY 2008

News in brief
Marine biology news 
briefs, done in co-
ordination with the 
Marine Biology Web 
Page
http://life.bio.sun
ysb.edu/marinebio/m
bweb.html

Photo by Jeffrey Levinton

http://life.bio.sunysb.edu/marinebio/mbweb.html
http://life.bio.sunysb.edu/marinebio/mbweb.html
http://life.bio.sunysb.edu/marinebio/mbweb.html
http://life.bio.sunysb.edu/marinebio/mbweb.html
http://life.bio.sunysb.edu/marinebio/mbweb.html
http://life.bio.sunysb.edu/marinebio/mbweb.html


eclipsed business as usual in coral reef 

ecology. A large number of coral reef 

ecologists have argued that coral reefs 

face severe decline if not extinction 

worldwide in the next 30-100 years. This 

may seem extreme, but we are moving 

into unknown territory with environmental 

conditions, especially when you consider 

changes in factors that have been un-

known previously. The marine biological 

equivalent of the Four Horsemen of the 

Apocalypse has been approaching rapidly: 

1. Overfishing

2. Frequent Hurricane-strength storms

3. Global warming

3. Ocean acidification. 

Other worrisome developments, like an 

increase in coral disease in the Caribbean 

and the widespread outbreaks of the 

crown-of-thorns starfish in the Pacific, 

add to the discomfort. 

It is well known that overfishing interacted 

with two hurricanes to flip the coral reefs 

of Jamaica in the 1980s into a new alter-

native stable state, which has converted 

one of the most beautiful coral reef tracts 

in the world to a rubble covered with sea-

weeds. [Some recovery has happened 

finally, I understand] Such overfishing is 

widespread and some models of global 

climate change predict increasing inten-

sity of tropical storms. What about the 

other two factors: Temperature and Car-

bon dioxide addition?

The role of increased temperature on 

coral condition has been appreciated for 

many years, following the important work 

of Peter Glynn of the University of Miami 

on the effects of the 1982-1983 El Nino-

Southern Oscillation (ENSO) event on 

coral reefs of Panama. The weather sys-

tem brought unusually warm water to the 

eastern Pacific and the high temperatures 

surpassed the physiological limits of many 

of the local coral species. Bleaching (the 

whitening of corals) immediately ensued, 

probably resulting from death of zooxan-

thellae (the algae that live within ree-

fuilding corals), and Glynn’s excellent re-

search tied bleaching to temperature in-

crease. As global ocean warming contin-

ued beyond just ENSO events, bleaching 

events began to increase in frequency all 

around the tropical world. So far, sea 

temperatures have been rising at a rate of 

about one degree centigrade per century, 

and the 21st century may have a higher 

rate. Will this widen the occurrence of 

bleaching? Will this alone kill off many 

coral reefs? Reef corals live within the 

range of 18-30 °C. We are approaching 

their upper limits all around the world, 

unfortunately.

While coral bleaching occurs in response 

to a number of physiological stresses, so-

called mass bleaching, where zooxanthel-

lae are expelled but coral tissue remains 

alive (at least for a while) seems to be a 

response to temperature stress. At least 

70 percent of mass bleaching events were 

related in the 1990s to higher-than-

average temperatures.

The occurrence of mass-bleaching has 

been more frequent in recent decades, 

and Ove Hoegh-Guldberg of the University 

of Queensland, Australia has made a  

convincing case that mass-bleaching 

events on the Great Barrier Reef were rare 

to absent before 1979. In the western Pa-

cific a major bleaching event occurred in 

1998 with mass bleaching and mortality in 

a number of islands. Hoegh-Guldberg has 

been a great pioneer in warning the world 

about an impending catastrophe.

The United States National Oceano-

graphic and Atmospheric Administration 

has acquired from satellites estimates of 

sea surface temperature and the data are 

being translated into useful indices of 

temperature stress that can predict 

bleaching events and coral death.  The 

year 2005 experienced the warmest tem-

peratures in July in the western Caribbean 

and the warmest September in the east-

ern Caribbean in over 100 years. A major 

bleaching event occurred in that year.  

A United States Coral Reef Task Force 

now evaluates bleaching and makes pre-

dictions for the future. His team has dem-

onstrated that bleaching is strongly re-

lated to high temperature and that stress-

ful temperatures in the Caribbean have 

been increasing steadily in the past cou-

ple of decades. Take a look at the Coral 

Reef Task Force web site to get more 

information.

Because the NOAA Coral Reef Task Force 

and other organizations have produced 

temperature-related measures of suscep-

tibility to mass bleaching it is now possi-

ble to make predictions about the future 

of coral reefs, using standard climate 

change models. These models usually 

include best-case and worst-case scenar-

ios, based upon different model outcomes 

and the range of carbon dioxide that 

might enter the atmosphere under differ-

ent circumstances of international devel-

opment and regulation. Donner and col-

leagues used such models and concluded 

that dangerous conditions for mass 

bleaching events would be annual or bi-

annual events in the next 30-50 years. 

Reefs in the western Pacific are particu-

larly vulnerable. The only way out would 

be for coral populations to evolve in-

creased thermal tolerance. This seems 

unlikely. 

The situation is equally grim for ocean 

acidity, which is being caused by human-

derived carbon dioxide increase in the 

atmosphere, which dissolves in the ocean 

and increases acidity. These conditions 

make it more difficult for the precipitation 

of calcium carbonate, which is what a 

coral reef is all about.

Carbon dioxide additions have already 

reduced the world ocean’s pH by about 

0.1 unit. Calcium carbonate occurs in two 

forms: A more stable calcite and in the 

less stable form of aragonite. Corals un-

fortunately are aragonite and are therefore 

among the most vulnerable to increases in 

acidity. 

[2]

http://www.coralreef.gov/taskforce/index.html
http://www.coralreef.gov/taskforce/index.html
http://www.coralreef.gov/taskforce/index.html
http://www.coralreef.gov/taskforce/index.html


Even one of the more modest scenarios 

for carbon dioxide increase would make 

the southern ocean undersaturated with 

respect to calcium carbonate in the year 

2100. I’ll spare you the details but the in-

crease of carbon dioxide in the atmos-

phere puts coral reefs on a collision 

course with destruction.  It may be im-

possible for aragonite to be precipitated 

in 100 years or less if we keep to business 

as usual with carbon emissions. There is 

already some evidence from the work of 

Gattuso and colleagues that coral calcifi-

cation has already been compromised.

Some believe that there is an escape from 

catastrophe, beyond major reductions in 

carbon emissions. Evolution might do the 

trick, but it seems unlikely that corals will 

evolve either resistance to increased tem-

perature or poorer conditions of calcifica-

tion in time. One must remember that the 

generation time of the dominant corals in 

a reef is very long, because colonies may 

survive hundreds of years. Thus the domi-

nant individuals of the reef will not be able 

to change genetically in reponse to selec-

tion. Others believe that the corals can 

just move to higher latitudes to avoid 

thermal stress. This is not likely in the 

Caribbean basin where only small popula-

tions could creep up the Florida coast to 

the north. Populations could not spread 

southward along the coast of South Amer-

ica, where there are inappropriate envi-

ronmental conditions for coral reefs be-

cause of high sedimentation. In the open 

Pacific there simply aren’t seamounts 

available to allow the population to ex-

pand to higher latitudes. And then there’s 

the acidification problem, which if any-

thing gets worse in cooler temperatures 

and therefore higher latitudes. The only 

solution is for the science to be wrong or 

for carbon emissions to be drastically 

reduced by major carbon dioxide-

producing countries, as has been strongly 

recommended now by the Intergovern-

mental Panel on Climate Change.

OK, let’s keep our perspective on this. We 

need to be appropriately skeptical when 

such catastrophe is claimed. But any stu-

dent of marine biology cannot ignore the 

challenges we face. The evidence as pre-

sented is too compelling to ignore. What 

is worrying as we may have to act in a 

very strong way, despite the uncertainties. 

Here are some references you might want 

to read to get some background on this 

crisis. They are in peer-reviewed scientific 

journals or a major report of the Royal 

Society.
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