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The Planktos Ocean Restoration Paradigm will provide 
verified, transparent, certifiable carbon sequestration by: 

Building upon a Foundation of Proven Science 
Eleven major experiments have been conducted around the world since 1981 
confirming concept and ecological success of iron-enriched ocean forest patches.  
These efforts by international scientific consortia fully affirm the Planktos paradigm, 
demonstrating the feasibility of our iron restoration approach in both Northern and 
Southern oceans.  Planktos can now reliably measure sequestered biomass tons 
via a combination of ship-borne sampling, submarine filtration traps, tracking buoy 
spectroscopy, and satellite telemetry. Physical and chemical properties of treated 
ocean water will be determined, along with quantitative measurements of plankton 
productivity before, during, and after restoration projects. These analyses will yield 
the amount of sequestered CO2, which translates directly into tonnage eligible for 
certification and sale as Planktos GHG mitigation credits.  

Drawing on the Best & Brightest
Planktos staff members have decades of experience managing 
environmental programs on both land and sea. Their lengthy 
resumes includes public interest work in forest, wetland, wilderness 
and species protection as well as industry based environmental 
management of air, land, water and biodiversity resources.  Equally 
important, the Planktos team is supported by a renowned fellowship 
of international ocean science authorities and institutions that offer 
this enterprise an unsurpassed array of expertise and resources in 
marine ecology, microbiology and ocean chemistry.  

Learning from (and Returning to) Nature's Way  
The Planktos paradigm focuses entirely on benign effective restorative techniques that Mother Nature herself has 
employed for millions of years.  Restoration is the key word here since Planktos will only be working to return 
ocean productivity to the normal healthy baseline levels identified by NASA scientists in the early 1980s. To 
further heed the "precautionary principle," Planktos uses strictly monitored methods that mimic natural iron dust 
storm deposition and will only seed plankton blooms that are a tiny fraction the size of naturally occurring blooms.  

The Planktos paradigm aims to prescribe and perform ocean treatments that will restore thousands of millions of 
tons of depleted plankton biomass, which in turn will yield hundreds of millions of tons of sequestered CO2e.  
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The Plankton Power Key to our Climate & Ocean Crises 
The Emergency - CO2 in the Earth's atmosphere has increased by more than 35% since the early industrial age, 
from 280 ppm in the late nineteenth century to around 380 ppm today. This atmospheric buildup traps incoming 
sunlight and creates what is known as the greenhouse effect, which has increased global temperatures enough to 
drive measurable climate and ecosystem change.  Terrestrial symptoms of CO2-driven climate change seem 
severe enough: vanishing glaciers, shrinking ice caps, lethal heat waves, droughts and a deadly intensification of 
cyclones, typhoons, and hurricanes.  But the Earth’s atmosphere is also indivisibly bound to its oceans. The same 
CO2 overdose that threatens the land is triggering a six-alarm calamity at sea.  Symptoms include:  

1) Surface Warming - Temperatures continue to rise at the ocean-atmosphere interface. The North Atlantic and 
North Pacific have recently experienced record increases in sea surface temperatures: 0.7 oC (1.3 oF) and 0.4 oC 
(0.7 oF) respectively. Warming water increasingly stratifies ocean layers and impedes the ascent and mixing of 
deeper, cooler nutrient-rich water with sunlit surface layers. This starves phytoplankton and inhibits their growth. 

2) Rising Acidity - Oceans are becoming critically acidic as surface waters absorb more atmospheric CO2.
Surface ocean pH has decreased by 0.1 unit in just the last 5 years, which translates into a ten fold increase in 
acidity. Continued unmitigated release of fossil-fuel CO2 into the atmosphere could reduce the pH 0.7 units more.  
The current acid increment alone is threatening the ability of key marine organisms such as corals, diatoms and 
delicate shellfish to maintain the integrity of their calcium carbonate shells. 

3) Nutrient Deficits -  Decline in vital phytoplankton iron nutrient has slashed ocean productivity.  
The amount of iron deposited in world's oceans from continental dust clouds has decreased by 25 % over the past 
two decades. Iron is a critical micronutrient required by plankton for photosynthesis and growth. Most blue ocean 
regions have been historically dependent on iron nutrients from wind-borne dust storms. Due to recent changes in 
land use, modern agricultural practices, and silica sand desertification, the oceans now enjoy far fewer nourishing 
dust storms from iron-rich arid lands. 

4) Current Attenuation -  Reduced circulation of Gulf Stream waters threatens the North Atlantic climate.   
The volume of tropical heat-bearing Gulf Stream currents flowing into North Atlantic has fallen noticeably over the 
past decade.  Melting glacial ice and increased fresh water runoff have raised the temperature and reduced the 
salinity of waters along the Arctic margin that have historically acted as a cold dense wall, forcing the warmer arriving 
currents downward and back toward the south, completing the ocean circuit. More of these heat-bearing flows are 
now diffusing at the surface instead of sinking and returning, weakening the circulation of the Gulf Stream as a 
whole. This may soon plunge northern regions in Western Europe and the eastern US into Siberia-like cold.

5) Oxygen Decline - Ocean regions are now shifting from net oxygen production to net oxygen consumption.  
Detectable reductions in dissolved O2 have been observed in all major ocean basins. Since the biosphere has 
historically depended upon the oceans' plankton respiration for over half of its oxygen supply, this could have 
catastrophic implications for both terrestrial and marine life, and may signal a large-scale reorganization of ocean 
circulation patterns. 

6) Productivity Loss - Ocean plankton life has declined nearly 10% in the past 25 years imperiling many 
species. The rapid fall off in iron-rich dust has led to plankton droughts and an alarming drop in marine productivity.  
Plankton form the base of the marine food pyramid upon which all larger species depend. Their continued die-off 
could have dire long-term implications since a plankton famine also starves the fisheries, sea birds and whales.

The Importance of Phytoplankton:  Phytoplankton photosynthesis removes about half the world's CO2 from the 
atmosphere and land plants lock away the other half.  In 2003, NASA scientists discovered plankton populations 
had plummeted 6~9% globally since the early 1980s, meaning that in one generation, our seas have lost 3 billion 
tons of natural carbon metabolism. This equals half of all industrial & automotive CO2 emitted annually worldwide! 
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Ocean Restoration Facts & Figures  
Restoring Marine Ecosystems 
Planktos is a natural resource research, engineering and management company dedicated to restoring ocean 
health and productivity. Marine plant and animal populations have declined dramatically since the mid-1970s 
with grave repercussions for the planet as a whole. Our goal is to rehabilitate phytoplankton populations at an 
appropriate scale, in select locations of the open ocean in order to rebalance ailing ecosystems, restore oxygen 
production and water quality, and sequester sufficient CO2 to mitigate the worst effects of climate change. 

Real Crisis Confronts the World’s Ocean 
Though world maps mark out seven seas, there is really only one global ocean within which the continents 
‘float’.  This planet-wide marine system constitutes 70% of Earth’s surface and is the dominant manufacturing 
center for fresh air, fresh water, foodstuffs and other eco-services on which all life depends.  In recent decades, 
however, human industrial and automotive emissions have increasingly impacted the ocean's health, causing 
destructive changes with grave downstream implications for the world as a whole.  For example: 

• Ocean surface temperatures have risen 0.4o F (0.2 o C) between 1985 and 2000. 
• Ocean acidity has increased by 10% (0.1 pH units) since 2000. 
• Ocean salinity has recently decreased by up to 5% along the Arctic and Antarctic rims. 
• Ocean-deposited dust delivering vital iron micronutrients has diminished by 25% since 1985. 
• Ocean phytoplankton growth (primary productivity) has declined by 6-9% since the early 1980s. 
• The convergence of increasing atmospheric CO2 pressure and decreasing marine photosynthesis has 

shifted certain ocean regions from net O2 production to net O2 consumption. (Since we normally 
depend upon the seas for over half the planet's oxygen, this is breathtaking news indeed.) 

• The volume of warm water carried into the North Atlantic by Gulf Stream currents has fallen 30% since 
1995, threatening abrupt regional climate shifts in northwest Europe and northeastern US states.  

• The combined effect of these and other factors, such as overfishing and toxic agro-chemical runoff, 
has reduced overall maritime fish catch by 13% per capita since 1985. 

The Planktos Solution 
Unlike many of the new industrial technologies proposed for CO2 sequestration – such as deep ocean injection 
of liquefied CO2, or huge land-based towers capable of “artificial photosynthesis,” Planktos methodology is 
modeled on a proven natural approach to ocean bio-carbon sequestration. Our technology diffuses dust-sized 
particles of iron nutrient over ~100 x 100 km forest-sized patches of the open ocean, stimulating short-lived 
phytoplankton blooms a few percent the size of natural blooms.  Plankton are so highly efficient at converting 
iron to tissue-stored carbon (at a molecular ratio of over 1:50,000), each ton of iron distributed can ultimately 
sink or "sequester" 30~ 50 thousand tons of atmospheric CO2 (as calcium and silicate carbonates, fecal pellets 
and other persistent organic complexes, collectively known as "marine snow").  An even greater percentage of 
the resulting plankton biomass recycles in surface waters, recharging the entire marine food chain by feeding 
zooplankton, krill, and other staple species on which our fisheries, whales, and sea bird populations depend.  

Earning Greenhouse Gas Mitigation Credits 
By carefully quantifying the tonnage of plankton-sequestered carbon, Planktos can generate greenhouse gas 
(GHG) mitigation credits (aka “carbon credits”).  Ocean carbon sequestration is now being promoted in both 
U.S. and international policy circles, and ocean carbon credits offered by Planktos will soon be available at 
competitive rates in most international environmental markets.  (Voluntary GHG credits currently trade in the 
U.S. at up to $5.00/ton CO2e, and Kyoto-certified credits now command about $20/ton CO2e in the EU, 
Russia and Japan.) Since Planktos can deliver verifiable credits at a fraction of even the voluntary GHG credit 
price, investors are invited to do both good and well. 
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Restoring Marine Ecosystems 
Planktos is a natural resource research, engineering and management company dedicated to 
restoring ocean health and productivity. 

  Marine plant and animal populations have declined dramatically since the mid-1970s with grave 
repercussions for the planet as a whole. Our goal is to rehabilitate phytoplankton populations at an 
appropriate scale in select locations of the open ocean in order to rebalance ailing ecosystems, 
restore oxygen production & water quality, and sequester sufficient CO2 to mitigate the worst 
effects of climate change. 

Producing Plankton ‘Forests’  
Phytoplankton 'forests' help remove CO2 from the atmosphere just as land based forests do.  
Phytoplankton growth and photosynthesis, however, are highly dependent on iron micronutrients 
delivered by iron-rich dust storms that have recently dwindled due to new land use practices and 
climate change. Planktos technology replenishes that shortfall with sub-micron sized iron particles 
distributed within ~100 x 100 km size zones, creating fast growing mid-ocean forests of diatoms, 
coccoliths, dinoflagellates, cyanobacteria and other plankton species. Their rapid photosynthesis 
takes up large amounts of atmospheric CO2 and converts it to organic carbon locked in their 
tissues. These organic complexes are then recycled at the surface, recharging the marine food 
chain, or they settle into the deep ocean sequestering their carbon content for centuries. 

Slowing the Pace of Global Warming   
Iron-enriched phytoplankton blooms blossom forth dramatically in a matter of days, last for several 
months, with healing effects that can last for centuries or even longer.  Phytoplankton are either 
consumed by other sea life – remaining at the ocean’s surface as recycled biomass – or die and 
sink into the ocean deep, becoming what is known as “marine snow”.   

Earning Greenhouse Gas Mitigation Credits 
Ocean carbon sequestration has now been formally endorsed in both U.S. and international policy 
documents. By carefully quantifying the tonnage of its plankton-sequestered carbon, Planktos can 
generate greenhouse gas (GHG) mitigation credits (aka “carbon credits”) to trade in the global 
environmental marketplace.  Revenue from the sale of voluntary and certified GHG credits will help 
finance further projects dedicated to restoring the atmosphere and marine environment to health. 

When presented in the international environmental marketplace, Planktos ocean carbon credits will 
offer the most eco-friendly, low cost, and effective means to address our current CO2 crises in both 
the ocean and the atmosphere.   

Slowing the Pace of Ocean Decline & Climate Change
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Key Concepts 

The Global Carbon Cycle 

The planet's carbon cycle consists of 
several carbon storage pools and the 
various dynamic exchange processes 
between them. In the graphic at right, the 
pools (black text) are quantified in gigatons 
(1Gt=1x109 or 1 billion tons) and the 
exchange fluxes (purple arrows) are 
quantified in Gt carbon/year. The ocean 
clearly represents the largest active carbon 
repository in the system, and thus a critical 
arena for credible CO2 mitigation efforts. 

The Biological Pump 
The metabolic absorption of atmospheric carbon by phytoplankton and its export to the ocean depths is called the 
biological pump. Phytoplankton take up CO2 via photosynthesis and convert it to tissue biomass. Some of this 
organically fixed carbon is cycled through the food web in the surface waters and some sinks into the deeper sea. A 
fraction of this sinking carbon is converted back to dissolved CO2 by bacterial respiration, and the rest either sinks into 
deep currents where it can remain suspended for centuries or millennia, or it settles to the ocean floor, sequestered 
for millions of years. The biological pump plays an important role in the ocean’s ability to absorb atmospheric CO2.  
Without phyto photosynthesis, atmospheric CO2 would be over 1000 ppm, compared to today’s levels of 380 ppm.  

Iron Dust and Ocean Primary Productivity   
Almost 15 years ago, ocean science legend Dr. John Martin famously said, “Give me half a tanker of iron and I’ll give 
you another ice age.”  This was Martin's provocative caricature of his own “iron hypothesis” which he conceived while 
studying phytoplankton growth levels in the Earth's oceans, specifically in the mysterious so-called “desolate zones.”  
Formally dubbed HNLC (high-nutrient, low-chlorophyll) zones, these large tracts in the northern & equatorial Pacific, 
and Antarctic Ocean contain very little marine life, despite high levels of life-supporting phosphorus and nitrogen.  
Martin measured the iron levels in seawater from these regions and found the concentrations surprisingly low.  Aware 
of iron's importance as an essential micronutrient in phytoplankton growth and photosynthesis, he concluded the low 
phytoplankton levels in HNLC waters were merely a symptom of local iron deficiency.  Since the open ocean's chief 
source of this nutrient is deposition from iron-rich dust storms from windswept arid lands, Martin hypothesized these 
zones were only "desolate" because insufficient dust was reaching them, and simply sprinkling small amounts of iron 
into these HNLC waters would generate enormous phytoplankton blooms. He further reasoned that if enough lifeless 
areas were so treated, the ensuing exuberant plankton growth would remove sufficient CO2 from the atmosphere to 
cause a dramatic cooling effect, the "ice age" of his quip. Shortly after Martin’s death in 1993, his initial hypothesis 
was proven by his colleagues from Moss Landing Marine Laboratory, who spread iron solution near the Galapagos 
Islands and watched vast expanses of phytoplankton quickly bloom.   

Ten more successful iron restoration experiments have since confirmed what Martin first theorized in 1981.  Today we 
know that even small scale restoration projects, each representing a few percent of natural plankton bloom size, could 
help restore the ocean phytoplankton and their all important contributions to marine vitality and atmospheric balance.   
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Restoring Marine Ecosystems 
Planktos is a natural resource research, engineering and management company dedicated to 
restoring ocean health and productivity.  Marine plant and animal populations have declined 
dramatically since the mid-1970s with grave repercussions for the planet as a whole. Our goal is 
to rehabilitate phytoplankton populations at an appropriate scale in select locations of the open 
ocean in order to rebalance ailing ecosystems, restore oxygen production & water quality, and 
sequester sufficient CO2 to mitigate the worst effects of climate change. 

Producing Plankton ‘Forests’  
Planktos technology distributes sub-micron sized iron nutrients over ~100 x 100 km size zones, 
creating mid-ocean plankton forests.  Iron is a vital and naturally occurring phytoplankton nutrient 
that is normally delivered in dust storms from windswept arid lands. In the past few decades, 
however, Aeolian dust sources have been rapidly declining, especially in Asia.  This has severely 
affected phytoplankton growth and metabolism, and the overall capacity of ocean ecosystems to 
compensate for other losses due to over fishing, toxic runoff, etc.  Plankton health and productivity 
can be easily be restored, however, by periodically replacing the missing wind-borne iron dust 
with natural iron solutions sprayed into the sea. Moreover, the cost of this process is quite low, 
and takes only weeks to create the same biomass that land-base forests need decades to amass. 

Because plankton are so highly efficient at using iron to fix carbon in their tissues (at a mean Fe:C 
ratio of 1:50,000), each ton of iron distributed in select locations can sequester at least 30~50 
thousand tons of atmospheric CO2 in the deep ocean as calcium & silica carbonates and other 
organic complexes collectively known as "marine snow". The remaining plankton biomass is 
recycled at the surface to feed larger species and replenish the entire marine food chain. 

Earning Greenhouse Gas Mitigation Credits 
By carefully quantifying the tonnage of plankton-sequestered carbon, Planktos can generate 
greenhouse gas (GHG) mitigation credits (aka “carbon credits”).  Ocean carbon sequestration is 
now being promoted in both U.S. and international policy circles, and ocean carbon credits offered 
by Planktos will soon be available at competitive rates in most international environmental 
markets.  (Voluntary GHG credits currently trade in the U.S. at up to $5.00/ton CO2e, and Kyoto-
certified credits now command about $20/ton CO2e in the EU, Russia and Japan.) Planktos can 
deliver verifiable ocean carbon credits at a fraction of even the voluntary GHG credit price, 
underscoring their dramatic value in current market environments. 

Planktos GHG credits thus provide an eco-friendly, low cost, high value means to effectively 
address current ocean crises and climate change.  They offer true value to society, governments, 
businesses and investors alike.   

Business Summary  



LEADING CA GREEN GROUPS EMBRACE PLANKTOS ECORESTORATION TO ZERO THEIR CARBON FOOTPRINTS 
- State's Foremost Environmental Communities Take Ecorestoration High Road to 2007 Carbon Neutrality 

SAN FRANCISCO--(PRWEB)--October 9, 2006--- The Thoreau Center and the Earth Island Institute are happy to announce that all 
of their 100+ NGO offices and projects will be carbon neutral throughout 2007 thanks to a generous donation of ecosystem 
restoration carbon offsets from Planktos, Inc. of Foster City, CA. 

According to Planktos CEO & Chief Scientist Russ George, "We honor these transformative organizations for following in the footsteps 
of legendary environmentalist David Brower who committed his final years to Ecosystem Restoration for Generations yet Unborn.” 

Although downplayed by industrial CO2 solution providers and their policy allies, natural ocean and forest restoration is the most 
effective, inexpensive and urgently needed response to global warming, marine crises and habitat collapse. Just restoring the marine 
plankton that human activities have killed off since 1980 can reduce atmospheric CO2 by 3-4 billion tons, more than four times the 
Kyoto Protocol's current inadequate target. More importantly, it will also lower ocean acidity and recharge the marine food chain for 
fish, birds and whales. 

Thanks to Kyoto Protocol carbon offset markets Planktos has secured green funding to accelerate this long overdue effort with a 
number of research-intensive pilot projects of significant climatic and ecological scale. Planktos is happy to share its current and 
future carbon credits with environmental allies in this cause. 

Planktos, Inc. is an ecosystem restoration firm specializing in permanent climate forest parks and blue ocean phytoplankton 
resuscitation. The company is now acquiring its own research flagship from which it will soon launch a new series of large science-
intensive pilot projects to revive failing ocean plankton populations in the Pacific, Atlantic and Southern Ocean basins. This in turn 
can buffer ocean acidity, replenish the marine food chain, and sequester million tons of CO2 for centuries or more. SRI and green 
cosponsors are welcome to collaborate in subsequent blooms. See http://planktos.com for details. 

Planktos' Budapest subsidiary KlimaFa (Climate Tree) has just received Hungarian government approval to reforest tens of 
thousands of degraded acres back to biodiverse mixed species forests. From the moment of planting, these young climate forests 
will be included in existing national parks where they will be strictly protected in perpetuity. KlimaFa will run these eco-protective and 
village-sustaining projects in collaborative partnership with Hungary's government, National Park Service, and Academy of Sciences. 
They will be entirely funded out of the restored forests' accumulating carbon credit value. See http://Klimafa.com for more. 

PLANKTOS INC. OFFERS CALIFORNIA AFFORDABLE GREEN TECH TO FULFILL NEW GLOBAL WARMING LAW  
- Ecosystem Restoration: The Life-Giving Key to CO2 Reduction and Economic Progress  

SAN FRANCISCO--(BUSINESS WIRE)--Aug. 31, 2006---Thanks to Governor Schwarzenegger and the California Legislature, the 
world's eighth-largest economy and 12th largest emitter of greenhouse gases (GHG) has boldly jumped to the forefront of the 
international climate change battle. California's Global Warming Solutions Act just passed today pledges to reduce the state's GHG 
emissions by a whopping 25% by 2020, targeting an annual reduction of over 125 million tons. Although some critics claim such mandatory 
reductions could harm the state financially, a closer reading of the legislation reveals a hidden win-win-win solution for the climate, economy 
and natural environment, too. Specifically, the new law supports atmospheric CO2 reductions via eco-restoration projects like growing new 
forests and other forms of plant life.  

San Francisco Bay area eco-restoration firm, Planktos Inc., has been working to deliver ocean and forest restoration as the most 
beneficial, cost-effective and largest volume answer to both global warming and the equally severe CO2 crises in the sea. The 
company will soon be launching a pilot series of commercial scale phytoplankton restoration projects to revive failing ocean life and 
produce millions of tons of tradable low cost GHG emission offset credits (aka "carbon credits") to finance the work. Restoring these 
tiny ocean plants, that the company calls the ocean forest, to 1980 levels of health and activity will generate billions of tons of CO2

sequestering biomass and feed the entire marine ecosystem from the bottom up. Our plummeting populations of fish, whales and 
sea birds might well rejoice that California's climate change solutions may now help rescue them, too.  

According to Russ George, founder and CEO of Planktos, Inc, a pioneer in the eco-restoration field, "Whether source reduction and/or 
techno-wizardry can cool the atmosphere a little or a lot, neither hybrid cars nor underground CO2 injection, have any lasting 
environmental merit beyond the direct greenhouse gas reduction involved. Ecosystem restoration, in contrast, not only reduces 
atmospheric CO2; it simultaneously regenerates the most vital ecologies on Earth. Now thanks to California's leadership, it can also 
soon perform this healing in a profitably self-funding way."  

"Our wounded planet desperately needs ecosystem restoration first and foremost," says Mr. George. "It is the most important triage 
decision of our day. Its large effect and low cost also deliver us from the Scylla and Charybdis dilemma of choosing between environmental 
or economic apocalypse, and we can begin making a big difference right away. Of course, eco-restoration cannot solve the whole climate 
problem, and conservation and source reductions also have key roles to play. Indeed all approaches are urgently welcomed now because 
we clearly need the large CO2 reductions California's legislation prescribes both to heal the climate and rescue the seas."  

For more information on the science and economics of environmental restoration, please see our website at www.planktos.com. 



 
 
A little over ten years ago at a lecture at the Woods Hole Oceanographic 
Institution, oceanographer John Martin stood up and said in his best Dr. 
Strangelove accent, “Give me a half tanker of iron, and I will give you an 
ice age.” 

These inflammatory words centered around a theory known as the iron 
hypothesis. Martin professed that by sprinkling a relatively small amount of 
iron into certain areas of the ocean, known as high-nutrient, low-
chlorophyll zones (HNLCs), one could create large blooms of those 
unicellular aquatic plants commonly known as algae. If enough of these 
HNLC zones were fertilized with iron, he believed the growth in algae 
could take in so much carbon from the atmosphere that they could reverse 
the greenhouse effect and cool the Earth. 

Martin’s theory sparked a tremendous debate. Unlike most of the unusual, 
somewhat esoteric theories that float about the scientific community at any 
given time, Martin’s idea had teeth. It could be tested and it had the 
potential to impact the world on a short time scale. Many of Martin’s 
contemporaries reacted strongly by claiming his iron hypothesis was ill 
founded. They felt that his “Geritol” solution to climate change was 
careless and hazardous for the environment. Corporations and even some 
countries, however, embraced the idea. They saw Martin’s results as a 
way to reduce the effects of their own carbon dioxide and bring 
themselves within the emissions standards set up by the proposed Kyoto 
Protocol.  Meanwhile, the press portrayed Martin as a renegade scientist 

John Martin (1935-1993)

Top: A portrait of John Martin (drawing by 
Roger Kammerer) 

that came out of nowhere with a mission to prove everyone wrong, calling him “Johnny 
Ironseed” and “Iron Man.” 

Martin, a burly, bearded oceanographer with an 
iconoclastic streak and wry sense of humor, 
reveled in the controversy and didn’t back down. 
He stuck to his hypothesis to the end. Several 
months after his death in 1993, the theory was 
proven to be correct by his colleagues at the Moss 
Landing Marine Laboratories. They spread an iron 
solution into an HNLC zone near the Galapagos 
Islands and algae bloomed. 

While the success of this contested experiment established Martin’s legacy, it also 
overshadowed his earlier work. And there was more to Martin than just this one theory. The 
iron hypothesis came to him only at the end of a rich life and a prestigious career in 
oceanography, and it was just one in a long series of discoveries Martin and his colleagues 
made. In fact, Martin was among the first scientists to successfully test and catalog a wide 
range of trace metals in the Earth’s oceans. He also demonstrated that copper and zinc could 
affect measurements of phytoplankton (algae) growth. With regards to the global climate, 
Martin’s experiments into the amounts of carbon drawn into the seas by algae formed the 
basis for many of the current large-scale efforts to understand the ocean’s role in the Earth’s 
carbon budget. Throughout his career, Martin was a scientist with strong instincts, convictions, 
and ideas that altered forever how scientists regard the Earth’s oceans. 



Regarding the steady decline of Aeolian dust and consequent shortfall of 
micronutrient iron in open ocean regions to sustain phytoplankton 
growth. 
-Planktos note

Global Garden Grows Greener

A NASA-Department of Energy jointly funded study concludes the Earth has been greening over the past 20 years. As 
climate changed, plants found it easier to grow. 

The globally comprehensive, multi-discipline study appears in this week's Science magazine. The article states climate 
changes have provided extra doses of water, heat and sunlight in areas where one or more of those ingredients may have 
been lacking. Plants flourished in places where climatic conditions previously limited growth.  

"Our study proposes climatic changes as the leading cause for the increases in plant growth over the last two decades, with 
lesser contribution from carbon dioxide fertilization and forest re-growth," said Ramakrishna Nemani, the study's lead author 
from the University of Montana, Missoula, Mont. 

From 1980 to 2000, changes to the global environment have included two of the warmest decades in the instrumental 
record; three intense El Niño events in 1982-83, 1987-88 and 1997-98; changes in tropical cloudiness and monsoon 
dynamics; and a 9.3 percent increase in atmospheric carbon dioxide (CO2), which in turn affects man-made influences on 
climate. All these changes impact plant growth. 

Earlier studies by Ranga Myneni, Boston University (BU), and Compton Tucker, NASA's Goddard Space Flight Center 
(GSFC), Greenbelt, Md., also co-authors of the study, reported increased growing seasons and woody biomass in northern 
high-latitude forests. 

Another co-author, Charles Keeling, Scripps Institution of Oceanography, La Jolla, Calif., cautions no one knows whether 
these positive impacts are due to short-term climate cycles, or longer-term global climate changes. Also, a 36 percent 
increase in global population, from 4.45 billion in 1980 to 6.08 billion in 2000, overshadows the increases in plant growth. 

Nemani and colleagues constructed a global map of the Net Primary Production (NPP) of plants from climate and satellite 
data of vegetation greenness and solar radiation absorption. NPP is the difference between the CO2 absorbed by plants 
during photosynthesis, and CO2 lost by plants during respiration. NPP is the foundation for food, fiber and fuel derived from 
plants, without which life on Earth could not exist. Humans appropriate approximately 50 percent of global NPP. 

NPP globally increased on average by six percent from 1982 to 1999. Ecosystems in tropical zones and in the high latitudes 
of the Northern Hemisphere accounted for 80 percent of the increase. NPP increased significantly over 25 percent of the 
global vegetated area, but decreased over seven percent of the area; illustrating how plants respond differently depending 
on regional climatic conditions. 

Climatic changes, over approximately the past 20 years, tended to be in the direction of easing climatic limits to plant 
growth. In general, in areas where temperatures restricted plant growth, it became warmer; where sunlight was needed, 
clouds dissipated; and where it was too dry, it rained more. In the Amazon, plant growth was limited by sun blocking cloud 
cover, but the skies have become less cloudy. In India, where a billion people depend on rain, the monsoon was more 
dependable in the 1990s than in the 1980s. 

The climate data for NPP calculations came from the National Oceanic and Atmospheric Administration (NOAA) National 
Center for Environmental Prediction. Researchers used two independently derived 18-plus-year satellite datasets from the 
Advanced Very High Resolution Radiometers on NOAA satellite. The team processed and improved the data at GSFC and 
BU.  

"Systematic observation of global vegetation is being continued by NASA's Earth observing satellites. Earth observing 
satellites are paving the way to find out if these biospheric responses are going to hold for the future," adds Steve Running, 
another co-author from the University of Montana.  

NASA's Earth Science Enterprise is committed to studying the primary causes of the Earth system variability, including both 
natural and human-induced causes.  

Find this article at:
http://www.nasa.gov/home/hqnews/2003/jun/HQ_03182_green_garden.html
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NASA: Ocean Plant Life Slows Down and Absorbs Less Carbon 
Top Story : September 16, 2003  

Plant life in the world's oceans has become less productive since the early 1980s, absorbing less 
carbon, which may in turn impact the Earth's carbon cycle, according to a study that combines 
NASA satellite data with NOAA surface observations of marine plants. 

Image 1: Distributions of Ocean Primary Productivity (1997-2002) 

The image shows ocean net primary productivity distributions from the Sea-
viewing Wide Field-of-view Sensor (SeaWiFS) data on the OrbView-2 satellite 
(1997-2002). The units are in grams of Carbon per meter squared per year. 
Light gray areas indicate missing data. Credit: Images by Robert Simmon, 
GSFC Earth Observatory, based on data provided by Watson Gregg, NASA. 

Microscopic ocean plants called phytoplankton account for about half the transfer of carbon dioxide (CO2) 
from the environment into plant cells by photosynthesis. Land plants pull in the other half. In the 
atmosphere, CO2 is a heattrapping greenhouse gas. Watson Gregg, a NASA GSFC researcher and lead 
author of the study, finds that the oceans' net primary productivity (NPP) has declined more than 6 
percent globally over the last two decades, possibly as a result of climatic changes. NPP is the rate at 
which plant cells take in CO2 during photosynthesis from sunlight, using the carbon for growth. The 
NASA funded study appears in a recent issue of Geophysical Research Letters. 

Image 2: Distributions of Ocean Primary Productivity (1979-1986) 

The image shows ocean net primary productivity distributions from the Coastal 
Zone Color Scanner (CZCS) aboard NASA's Nimbus-7 Satellite (1979-1986). 
The units are in grams of Carbon per meter squared per year. Light gray areas 
indicate missing data. Credit: Images by Robert Simmon, NASA GSFC Earth 
Observatory, based on data provided by Watson Gregg, NASA GSFC. 

“This research shows ocean primary productivity is declining, and it may be a result of climate changes 
such as increased temperatures and decreased iron deposition into parts of the oceans. This has major 
implications for the global carbon cycle," Gregg said. Iron from trans-continental dust clouds is an 
important nutrient for phytoplankton, and when lacking can keep populations from growing. Gregg and 
colleagues used two datasets from NASA satellites: one from the Coastal Zone Color Scanner aboard 
NASA's Nimbus- 7 satellite (1979-1986); and another from Sea-viewing Wide Field-of-view Sensor data 
on the OrbView-2 satellite (1997- 2002). 

Image 3: Difference in Distributions of Ocean Primary Productivity 
between 1997-2002 and 1979-1986 Data 

The image shows the difference in ocean net primary productivity between the 
SeaWiFS era (1997-2002) and the CZCS era (1979-1986). To obtain the 
differences, the CZCS results were subtracted from the SeaWiFS results. The 
units are in grams of Carbon per meter squared per year. Light gray areas 
indicate missing data. Credit: Images by Robert Simmon, NASA GSFC Earth 
Observatory, based on data provided by Watson Gregg, NASA GSFC. 

The satellites monitor the green pigment in plants, or chlorophyll, which leads to estimates of phytoplankton 
amounts. The older data was reanalyzed to conform to modern standards, which helped make the two data 
records consistent with each other. The sets were blended with surface data from NOAA research vessels 
and buoys to reduce errors in the satellite records and to create an improved estimate of NPP. 
The authors found nearly 70 percent of the NPP global decline per decade occurred in the high latitudes 
(above 30 degrees). In the North Pacific and North Atlantic basins, phytoplankton bloom rapidly in high 
concentrations in spring, leading to shorter, more intense lifecycles. In these areas, plankton quickly dies and 
can sink to the ocean floor, creating a potential pathway of carbon from the atmosphere into the deep ocean. 

Images 4a-d: Differences between the SeaWIFS (1997- 2002) Data 
and the CZCS (1979-1986) Data in the 12 Oceanographic Basins 

These graphs show differences between the 1980s and 1990s for a number of 
ocean variables that impact phytoplankton production as well as annual primary 
production of marine plant life. To obtain the differences, the CZCS results were 
subtracted from the SeaWiFS results. Image 4a: Change in annual primary 



production in petagrams of Carbon per year. Image 4b: Change in iron  
deposition in percentages. Image 4c: Change in sea surface temperature in 
degrees Celsius. Image 4d: Change in mean wind stress on the oceans' 
surfaces in percentages. Credit: Images by Robert Simmon, NASA GSFC Earth 
Observatory, based on data provided by Watson Gregg, NASA GSFC. 

                  

In the high latitudes, rates of plankton growth declined by 7 percent in the North Atlantic basin, 9 percent 
in the North Pacific basin, and 10 percent in the Antarctic basin when comparing the 1980s dataset with 
the late 1990s observations. The decline in global ocean NPP corresponds with an increase in global sea 
surface temperatures of 0.36 degrees Fahrenheit (F) (0.2 degrees Celsius (C)) over the last 20 years. 
Warmer water creates more distinct ocean layers and limits mixing of deeper nutrient-rich cooler water 
with warmer surface water. The lack of rising nutrients keeps phytoplankton growth in check at the surface. 

The North Atlantic and North Pacific experienced major increases in sea surface temperatures: 0.7 
degrees C (1.26 F) and 0.4 degrees C (0.72 F) respectively. In the Antarctic, there was less warming, but 
lower NPP was associated with increased surface winds. These winds caused plankton to mix downward, 
cutting exposure to sunlight. 

Image 5: Major Ocean Basins 

Credit: Images by Robert Simmon, NASA GSFC Earth Observatory, based on 
data provided by Watson Gregg, NASA GSFC. 

Also, the amount of iron deposited from desert dust clouds into the global oceans decreased by 25 
percent over two decades. These dust clouds blow across the oceans. Reductions in NPP in the South 
Pacific were associated with a 35 percent decline in atmospheric iron deposition.  
"These results illustrate the complexities of climate change, since there may be one or more processes, 
such as changes in temperature and the intensity of winds, influencing how much carbon dioxide is taken 
up by photosynthesis in the oceans," said co-author Margarita Conkright, a scientist at NOAA's National 
Oceanographic Data Center, Silver Spring, Md. 

Image 6: Animation of Changes in Ocean Primary Productivity (1997-2002) 

This animation depicts monthly changes in ocean net primary productivity 
from the Sea-viewing Wide Field-of-view Sensor (SeaWiFS) data on the 
OrbView-2 satellite (1997-2002). The units are in grams of Carbon per 
meter squared per year. Light gray areas indicate missing data. Credit: 
Images by Robert Simmon, NASA GSFC Earth Observatory, based on 
data provided by Watson Gregg, NASA GSFC. 

Other recent NASA findings have shown land cover on Earth has actually been greening. For information 
and images, visit: http://www.nasa.gov/home/hqnews/2003/jun/HQ_03182_green_garden.html

For more information contact: 

Krishna Ramanujan                                                            Kent LaBorde 
Goddard Space Flight Center (GSFC), Greenbelt, Md         NOAA, Washington 
(Phone: 301/286-3026)                                                         (Phone: 202/482-5757) 

Find this article at www.nasa.gov/centers/goddard/ 
news/topstory/2003/0815oceancarbon.html 
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OCEAN SCIENCE ALERT:  
WARMER SEAS WILL WIPE OUT PHYTOPLANKTON, SOURCE OF OCEAN LIFE  
By Steve Connor, Science Editor 
The Independent UK 
19 January 2006 

The microscopic plants that underpin all life in the oceans are likely to be destroyed by global warming.

Scientists have discovered a way that the vital plankton of the oceans can be starved of nutrients as a result of the seas getting 
warmer. They believe the findings have catastrophic implications for the entire marine habitat, which ultimately relies on plankton at 
the base of the food chain.  

The study is also potentially devastating because it has thrown up a new "positive feedback" mechanism that could result in more 
carbon dioxide ending up in the atmosphere to cause a runaway greenhouse effect.  

Scientists led by Jef Huisman of the University of Amsterdam have calculated that global warming, which is causing the temperature 
of the sea surface to rise, will also interfere with the vital upward movement of nutrients from the deep sea.  

These nutrients, containing nitrogen, phosphorus and iron, are vital food for phytoplankton. If the supply is interrupted the plants die 
off, which prevents them from absorbing carbon dioxide from the atmosphere.  

"Global warming of the surface layers of the oceans reduces the upward transport of nutrients into the surface layers. This 
generates chaos among the plankton," the professor said.  

The sea is one of nature's "carbon sinks", which removes carbon dioxide from the atmosphere and deposits the carbon in a long-term 
store - dissolved in the ocean or deposited as organic waste on the seabed. The vast quantities of phytoplankton in the oceans absorb 
huge amounts of carbon dioxide. When the organisms die they fall to the seabed, carrying their store of carbon with them, where it stays 
for many thousands of years - thereby helping to counter global warming.  

"Plankton... forms the basis of the marine food web. Moreover, phytoplankton consumes the greenhouse gas carbon dioxide during 
photosynthesis," Professor Huisman said. "Uptake of carbon dioxide by phytoplankton across the vast expanses of the oceans reduces 
the rising carbon dioxide levels in the atmosphere."  

Warmer surface water caused by global warming causes greater temperature stratification, with warm surface layers sitting on 
deeper, colder layers, to prevent mixing of nutrients.  

Professor Huisman shows in a study published in Nature that warmer sea surfaces will deliver a potentially devastating blow to the 
supply of deep-sea nutrients for phytoplankton.  

His computer model of the impact was tested on real measurements made in the Pacific Ocean, where sea surface temperatures 
tend to be higher than in other parts of the world. He found that his computer predictions of how nutrient movement would be 
interrupted were accurate.  

"A larger temperature difference between two water layers implies less mixing of chemicals between these water layers," he said. 
"Global warming of the surface layers of the oceans, owing to climate change, strengthens the stratification and thereby reduces the 
upward mixing of nutrients."  

Scientists had believed phytoplankton, which survives best at depths of about 100 metres, is largely stable and immune from the 
impact of global warming. "This model prediction was rather unexpected," Professor Huisman said.  

"Reduced stability of the plankton, caused by global warming of the oceans, may result in a decline of oceanic production and reduced 
sequestration of the greenhouse gas carbon dioxide into the oceans.” 

Vital link in the food chain
Microscopic plankton comes in animal and plant forms. The plants are known as phytoplankton. They lie at the base of the marine 
food chain because they convert sunlight and carbon dioxide into organic carbon - food for everything else.  

Smaller animals such as shrimp-like krill feed on plankton and are themselves eaten by larger organisms, from small fish to the 
biggest whales. Without phytoplankton, the oceans would soon because marine deserts. Phytoplankton are also important because 
of the role they play in the carbon cycle, which determines how much carbon dioxide - the most important greenhouse gas - ends up 
in the atmosphere to cause global warming. Huge amounts of carbon dioxide from the atmosphere, which dissolves in the oceans, 
are absorbed by phytoplankton and converted to organic carbon. When the phytoplankton die, their shells and bodies sink to the 
seabed, carrying this carbon with them.  

Phytoplankton therefore acts as a carbon "sink" which takes carbon dioxide from the atmosphere and deposits the carbon in long-
term stores that can remain undisturbed for thousands of years. If the growth of phytoplankton is interrupted by global warming, this 
ability to act as a buffer against global warming is also affected - leading to a much-feared positive feedback.  # 

Source article: http://news.independent.co.uk/environment/article339596.ece
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Astonishing Efficiency: Why Ocean Iron Replenishment Offers such a Viable, Affordable Climate Remedy 
Open ocean phytoplankton have evolved a truly astonishing ability to efficiently exploit the tiny amounts of iron 
delivered by episodic aerial dust events. As the graph below indicates, the frequently cited "1 to 100,000" iron to 
carbon uptake ratio may be quite conservative relative to many findings reported by Sunda & Huntsman (1995), 
whose work remains the most authoritative reference on iron to carbon molar ratios to date. In simpler words, each 
ton of fine iron dust used to replenish iron-poor ocean regions can on average sequester approximately 80,000 
tons of atmospheric CO2, and under certain circumstances perhaps 3 to 4 times more. This means that Planktos’ 
pilot projects can remove millions of tons of CO2 and affordably achieve significant climatic and ecological benefits 
at the average 1:100,000 uptake level, but we will also explore how to achieve those noted ratios of 1 to 400,000. 

Previous Iron-Stimulated Bloom Research: Too Little Funding, Too Little Time 
The graphic below shows that all research efforts to date have only investigated the earliest and least productive 
phases of typical plankton bloom evolution. Consequently, previous iron enrichment research trials have yielded 
highly diminished accounts of their probable actual results. Planktos’ six-month commercial-scale bloom projects 
will, in contrast, be the first to monitor bloom development throughout its most productive phases and finally offer 
an accurate picture of its carbon sequestration capacity. Overseen by onboard third-party researchers, this work 
will at last reveal iron replenishment's true potential for slowing the pace of climate change and ocean decline. 
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Frequently Asked Questions on Planktos Ocean Blooms

How big will Planktos phytoplankton blooms be? 
PLANKTOS plans to grow “forest sized” plankton 
blooms that are equivalent to forests grown on land to 
sequester plant biomass to slow global warming and 
more importantly to help revive declining ecosystems 
in the sea. Our initial 6 pilot projects will replenish the 
iron in ocean patches approximately 100 km on each 
side. Each 1000 lbs of iron added grows ocean plants 
equivalent to 800 fully grown redwood trees over the 
4~5 month life of the bloom. 

Will these blooms use up all the sea’s oxygen? 
No, plankton blooms are very common features in the 
world's seas and have been extensively studied 
throughout the era of modern ocean science. To date 
no open sea blooms have ever be observed to 
produce oxygen depletion (hypoxic eutrophication). 
Planktos plans to stimulate plankton blooms just as 
Mother Nature does by adding very small amounts of 
micronutrients, in this case mostly iron derived from 
natural iron ore. 

How long will these blooms last? 
A typical ocean plankton bloom--whether caused by 
deposition of micronutrients from a dust storm or from 
a Planktos replenishment voyage-- lasts 4-5 months. 
The majority of the bloom is ultimately eaten by other 
forms of sea life, but a significant fraction sinks into the 
abyss as a heavy rain of "marine snow." This last 
portion removes CO2 from the air and cools the sky.

Won’t producing large ocean plankton blooms 
dramatically change ocean ecology? 
No, the ocean normally enjoys a vast amount of 
phytoplankton life that up until the early 1980s was 
metabolizing about 50 billion tons of CO2 per year. 
The recent 30% falloff in wind-borne dust and vital 
micronutrients delivered to the ocean has drastically 
reduced plankton life--by over 25% in many parts of 
the Pacific and nearly 10% globally. This translates 
into a 3-4 billion ton yearly shortfall in the biosphere's 
carbon-fixing capacity, an amount equivalent to nearly 
50% of society's CO2 emissions each year. Restoring 
this capacity and phytoplankton health to 1980 levels 
would help heal marine ecosystems and slow climate 
change as well. 

Won’t these blooms overwhelm the oceans? 
No, individual Planktos blooms are only a few percent 
the size of large naturally occurring blooms and, more 
importantly, they are naturally self-limiting in time. All 
Planktos and conventional blooms last only a few 
months at most and ours will be closely monitored to 
ensure that any unexpected impacts will be both 
negligible and easy to control. 

How can we be sure plankton blooms are safe? 
We have an outstanding geologic record of periods 
during earth’s history when large amounts of iron in the 
atmosphere stimulated massive plankton blooms and 
even caused cooling of the earth. If anything, the ocean 
sediment records show that these were also periods of 
great ocean fecundity, diversity and health.  

What if you seed toxic plankton blooms? 
Very, very few ocean plankton blooms are toxic. The 
“red tides” that people hear about are unusual coastal 
phenomena. Deep water plankton blooms are almost 
universally benign. Stimulated coastside blooms could 
might problematic except that almost all areas along the 
coast are already iron-rich and thus adding more iron 
would not ‘stimulate’ new growth at all. Nevertheless we 
will be closely monitoring all of these seeding events to 
track their biodiversity, species distributions and impact 
on local ecosystems. 

Will plankton blooms drift into and harm delicate ocean 
ecosystems like coastal lagoons? 
No, the location of each replenished bloom is well 
planned with all ocean conditions taken into account. 
Only blue water blooms are significant in biomass 
sequestration so there is strong economic motivation to 
keep them confined to deep oceans. The blooms are 
also very short lived, lasting only 4-5 months, so they are 
very predictable in terms of when and where they will 
exist and how far they can drift. 

Will these plankton blooms help revive fisheries? 
Ocean phytoplankton are the base of the ocean food 
pyramid. All higher forms of sea life including krill, fish, 
seabirds, seals, and dolphins depend on plankton to 
produce their basic nutrients which are then passed up 
the food chain. For centuries fishermen have noted that 
natural plankton blooms are great fishing grounds 
because they attract and nourish so many types of life. 
Recently oceanographers at Germany's prestigious 
Wegner Institute have even speculated that restoring the 
plankton in the cetacean nurseries of the southern seas 
could be the best or only way to revive the great whale 
populations, which are no longer being hunted but are 
now malnourished instead. 

You state that ocean fertilization is safe, but how 
can we be sure this industry is telling the truth? 
Planktos is currently assembling an eminent advisory 
panel of third party experts in the fields of bio-ethics, 
ecology, oceanography and climate change. We shall 
also invite representatives from leading environmental 
organizations and this group will be asked to review all 
Planktos activities, and be empowered to report their 
respective findings to the public at large.  



An Introductory Scientific Anthology
Ocean Ecosystem Renewal & Global Climatic Redress 
Via Marine Plankton Restoration

STATEMENT OF PURPOSE

Planktos Inc. has assembled the enclosed scientific articles and reports to document the current 
emergencies facing the oceanic ecosystem, their relationship to excess atmospheric CO2 and 
worsening climatic ills, and the mounting evidence that marine ecosystem renewal via plankton 
restoration offers the most comprehensive, cost-effective and environmentally benign approach to 
both marine and terrestrial perils now at hand. In sum, we believe this body of authoritative 
research and reportage cumulatively corroborates the following four related theses: 

1. Global ocean life is the great unspoken victim of escalating CO2 levels in the atmosphere 
and its renewal promises hope for our climate crises as well.
The accelerating CO2-driven collapse of oceanic ecosystems, photosynthetic capacity, and life-
sustaining food chains is an under-publicized tragedy of unprecedented scale. Given its grim 
implications for the planet's food needs, climate woes, and even oxygen supply, it surely 
deserves the same concern as global warming now demands. As these collected papers show, 
attention to ocean health is not only gravely overdue, it will also reward us with some 
unexpectedly potent answers to our climate issues. 

2. Plankton restoration could powerfully alleviate CO2 perils both on land and at sea simply 
by reinstating earlier normal levels of biomass, photosynthesis, and ecosystem 
productivity.
Marine phytoplankton are the lifeblood of the planet generating most of its oxygen, metabolizing 
most of its CO2, and supporting the entire marine food pyramid. Due to human impacts their 
numbers have fallen steeply in the last 25 years, and simply restoring them to their 1980 levels 
could significantly alleviate ocean acidification, reduce atmospheric CO2, and generate billions of 
tonnes of nutritive biomass to feed other forms of ocean life. The CO2 mitigation effects alone 
could prove to be four or five times the magnitude of universal compliance with the Kyoto 
Protocol. 

3. Plankton restoration is achievable.
The primary factor limiting phytoplankton regeneration in the open ocean today is an increasing 
deficiency of the vital micronutrient iron. This was historically delivered to the sea by Aeolian dust 
from arid lands, but rising CO2 and other human activities have diminished this supply by 25~30% 
in recent decades. Since phytoplankton only require this mineral supplement in parts per trillion 
concentrations, replenishing it from ships or other craft is technically feasible, remarkably 
inexpensive and ecologically benign, as demonstrated in ten international ocean science trials 
since 1993. 

4. Plankton restoration is imperative.
Since phytoplankton constitute more than half the plant life on Earth and are thus principal 
players in the global carbon cycle, the pace and impact of their decimation now poses a major 
downstream threat to virtually every ecosystem on the planet. Unless full scale restoration is 
undertaken soon, we face a lethal tipping point as acidification increases and thermocline barriers 
become more impermeable to upwelling nutrients. Earth can then bid farewell to its fisheries, sea 
birds, and marine mammals as the remaining plankton starve or melt away. If the mass 
extinctions already underway are not reason enough for swift remedial action, contemplate the 
breathtaking decline of half our oxygen supply. The crises we face are real, the time is short, and 
the first steps are hopefully self-evident. 



An Introductory Scientific Anthology
Ocean Ecosystem Renewal & Global Climatic Redress Via Marine Plankton Restoration

Reference Title Description 

Table of Contents and abstract 
Guide 

Table of contents and guide for entire reference collection. 

Section A - Background on Climate-Related Ocean Biodynamics 

Carbon Dioxide Fluxes in the 
Global Ocean 

Reports on the Ocean Carbon-Cycle Model Intercomparison Project (OCMIP).  
It introduces the relevant technology and addresses the issue of feasibility. 

The Processes of the Ocean’s 
Biological Pump and CO2

Sequestration 

Reports on the role of iron in facilitating phytoplankton’s contribution to the biological 
pump exchanging CO2 for oxygen in the atmosphere. 

Biodiversity and Climate Change Presents a summary of climate change effects on ocean biodiversity and ocean water 
quality. 

Global Change and Oceanic 
Primary Productivity: Effects of 
Ocean-Atmosphere-Biological 
Feedbacks 

Explores the interdependencies between the ocean and atmosphere with special 
attention to the role of phytoplankton. 

Oceanic Sinks for Atmospheric CO2 A comprehensive report on ocean carbon sequestration and its relation to the ocean-
atmosphere carbon cycle. 

Climate Change and Marine 
Plankton 

Examines the impacts of declining plankton biomass, such as the effect of plankton’s 
decreasing ability to metabolize CO2 via photosynthesis, and the effects of bottom-up 
trophic ‘forcing’ on commercial fish stocks. 

Diatoms and the Ocean Carbon 
Cycle 

One of the world’s preeminent diatom ecologists discusses the natural ascendancy of 
diatoms during a plankton bloom. 

Phytoplankton and Their Role in 
Primary, New and Export 
Production 

Presents the basic biogeochemistry of phytoplankton contributions to the ocean 
carbon cycle and long term carbon storage. 

Ocean Plant Life Slows Down and 
Absorbs Less Carbon 

Presents visual data to illustrate the patterns and trends of ocean decline from the 
1980s to now. It references the next paper in this package, “Ocean Primary 
Production and Climate: Global Decadal Changes”. 

Global Iron Connections Between 
Desert Dust, Ocean 
Biogeochemistry, and Climate 

Discusses the importance of dust on climate, the oceans, and specifically plankton 
species.  
It details the different sources of dust and the different processes in which it is 
transported. 



Ocean Primary Production and 
Climate: Global Decadal Changes 

Illustrates the clear decline in ocean productivity over the last 20 years and its relation 
to increasing ocean surface temperature and decreasing iron deposition. 

Decline of the Marine Ecosystem 
Caused by a Reduction in the 
Atlantic Overturning Circulation 

Gives a detailed report on links between the ocean conveyer (circulating deep water 
currents) and plankton productivity. 

On the Shoulders of Giants Discusses the role John Martin had in creating the iron hypothesis and the ensuing 
debate, which ultimately led to the verification of his theory. 

Stimulating the Ocean Biological 
Carbon Pump by Iron Fertilization 

CREIPI reminds us of the importance of phytoplankton in maintaining the biological 
pump. 

Sequestration of CO2 by Ocean 
Fertilization 

An early iron restoration entrepreneur (Markels) presents the case for addressing 
anthropogenic CO2 emissions via ocean biomass sequestration. 

Fertilizing the Oceans to Control 
Rising Atmospheric CO2 Levels 

A brief overview of the success of EISENEX 1, the Antarctic iron fertilization 
experiment of 2000. 

Ocean Fertilisation Addresses the issue of plankton community response to the availability of 
micronutrient iron.)  
It presents the power of iron infusions to restore plankton populations, especially in 
the Southern Ocean near Antarctica. 

The Iron Hypothesis: Basic 
Research Meets Environmental 
Policy 

Provides a summary of the first iron fertilization experiment (IronEx1) and validation 
of the iron hypothesis. 

Open Ocean Iron Fertilization for 
Scientific Study and Carbon 
Sequestration 

An early IRONEX II experimenter (Coale) addresses the ‘societal role’ of iron 
fertilization as a means of restoring plankton productivity. This researcher’s scientific 
views would soon become mixed with political views about how climate change 
should be addressed. 

A Massive Phytoplankton Bloom 
Induced by an Ecosystem-Scale 
Iron Fertilization Experiment in the 
Equatorial Pacific Ocean 

The preeminent report on the IRONEX II project, illustrating the power of iron 
micronutrients to restore ocean phytoplankton productivity by mimicking natural 
processes via managed plankton blooms. 

Differential Response of Equatorial 
Pacific Phytoplankton to Iron 
Fertilization 

Discusses the natural differential response of plankton community members to the 
presence of iron micronutrients in the ocean. 

Iron Seeding Creates Fleeting 
Carbon Sink in Southern Ocean 

Presents the case for using ocean restoration techniques in a responsible manner to 
reduce atmospheric CO2 concentrations. 

Iron Fertilization of the Oceans: 
Reconciliing Commercial Claims 
with Published Models 

Chisholm presents her scientific/political arguments why ocean iron fertilization 
should not be pursued in the way Markels has advocated. 



Effect of In-Situ Fertilization on 
Phytoplankton Growth and 
Biological Carbon Fixation in the 
Ocean 

CRIEPI reports on another successful iron restoration initiative. 

Section D - Plankton Restoration: Downstream Effects 

Zooplankton Fecal Pellets, Marine 
Snow and Sinking Phytoplankton 
Blooms 

The ‘fecal pellet express’ is a metaphor for how marine snow originates, the basis for 
long term storage of biomass carbon in the deep ocean. 

Antarctic Krill Provide Carbon Sink 
in Southern Ocean 

Reveals that krill have recently been shown to contribute significantly to the ocean 
biomass carbon sink. 

The Global Impact of Ocean 
Nourishment 

Reports on the dire need to restore ocean productivity as a way to feed a substantial 
portion of the world’s growing, hungry population. 

Section E - Politics of "The Controversy" 

Carbon Sequestration Blog - Open 
Letter to the Marine Science 
Community: Has Personal Bias 
Derailed Science? 

Summarizes the ongoing controversy within the field of ocean iron fertilization. This 
site also provides a third-party overview of iron fertilization and how it compares to 
other carbon sequestration techniques. 

Appendix I - Carbon Cycle Modeling 

Three-Dimensional Simulations of the 
Impact of Southern Ocean Nutrient 
Depletion on Atmospheric CO2 and 
Ocean Chemistry 

This well-cited paper, published in 1991 and now substantially reversed, originally  
suggested that ocean plankton carbon sequestration was of small consequence. 

Global Ocean Carbon Cycle Modeling Provides additional insights into the progress that has been made in ocean  
carbon modeling since the 1991 report. 

Appendix II - Competitive Technologies 

Geoengineering the Climate: History 
and Prospect 

An overview of geoengineering and its role in carbon management and climate 
change. 

The Complete Reference Anthology 

Here is the complete collection of all reference papers (listed above) plus the index and guide in a single pdf file. Please note 
that this pdf file is 20 MB and consists of over 430 pages of material. You can also "right-click" on the download link and "save 
target as" or "save link as" in your browser for an easier download. 

A printed, 3-ring binder version of this collection is available upon request. 
Please contact William Coleman at (650) 638-1975 or wcoleman@planktos.com. 
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OPEN LETTER TO THE MARINE SCIENCE COMMUNITY: HAS PERSONAL BIAS DERAILED SCIENCE?  

Has Personal Bias Been Allowed to Derail the Normal 
Progression of Ocean Fertilization Science? 

An Open Letter to the Marine Science Community  

by Steve Kerry 
carbonsequestration.blogspot.com 
July 22, 2006 

Given the extreme hazard of global warming, the recent revelations 
of ocean acidity, and reports of bio-system collapse of various sorts, 
one would think that the concept of Ocean Iron Fertilization would get 
be treated most seriously. Although controversial and not yet 
completely proven, this technology still might be very important to the 
world. As Ken Johnson of Monterey Bay Aquarium Research 
Institute said: “We’re headed towards climate conditions that Earth 
hasn’t experienced in millions of years…We can’t afford to ditch any 
potential solutions just now.” 

For a technology of such potential, one would think that marine 
scientists would have been diligently researching it, discovering in 
detail the underlying mechanisms, proposing methods to optimize or 
control such a process, and preparing to advise, in a rational and 
unbiased fashion, the decision makers and public of the world. 

Unfortunately, this doesn’t seem to have happened. Reviewing the 
literature of the past decade, there seems to be an inexplicable lack 
of progress understanding the science. Worse, there seems to be a 
general hesitation and even hostility by the marine sciences to the 
progress of this field, and in many cases arguments of political 
feasibility are being substituted for factual arguments. 

We cannot help but suspect that this is because certain key 
individuals are personally opposed to the concept. These people 
have political and personal convictions that the process is immoral, or 
that the world community cannot be trusted to have it. Based on 
these personal convictions, these scientists have steadily opposed 
the field the field, in some cases quite openly, slowing down research 
and discouraging advancement. It’s a process of “negativization” of 
science which is so pernicious and difficult to fight. 

Some may believe that scientists have an ethical and moral right to 
discourage research that they believe is dangerous. That may be 
true in the case of weapons or obvious dangers. But this is not that 
kind of technology. It is not obviously harmful or destructive. In fact, if 
finally proven out and used smartly and carefully, this technology 
could be extremely beneficial to world, not only as a carbon sink but 
as a one tool for restoring damaged sections of the ocean. Contrary 
to the somewhat frantic rhetoric of the opponents, there is absolutely 
no reason to assume that the technology will be “easy to abuse” or 
will spin out of control; quite the contrary, the very size of the ocean 
and the scale of effort precludes such abuse. There is every reason 
to assume it will be possible to control and monitor to the satisfaction 
of all, especially on a small-to-medium scale. Yes this will require a 
lot of hard science and engineering, to identify the proper procedures 
and protocols, but this is nothing unusual – other fields such as 
terrestrial ecological restoration have successfully overcome similar 
uncertainties, and there is no reason ocean fertilization couldn’t do 
the same. 

Critics are opposed not because it’s inherently bad, or because 
they possess a complete understanding of it, but because they 
“believe” that it’s impossible for the human race to use it smartly 
or carefully, they “worry” that it “might” be misused at some 
unspecified time in the future. They believe that commercial firms 
or corporations, driven by the profit motive, are inherently abusive 
and will “pollute the commons” for greed. These people don’t 
appear to have come to these conclusions based on facts or 
analysis, but because they disliked the concept from the very first 

moment they heard it, and have subsequently filtered all new data 
to fit their pre-conceived views. 

These views aren’t science, not based on facts are logic. They are 
just opinions (and rather emotional, extreme opinions at that) of a few 
individuals. And so may we ask: why are personal beliefs detouring 
the progress of a major science? Is this appropriate? 

Case in Point: Dr. Sallie Chisholm 
Dr. Chisholm is an accomplished and respected head of an MIT 
laboratory and a member of the first iron experiment cruise. Yet Dr. 
Chisholm’s entire contribution to the field has been to oppose it, 
apparently from the very beginning. 

From Science News, September 30 1995, p 220: 

(Before the first cruise, which Chisholm was on) Oceanographer 
Sallie W. Chisholm of the Massachusetts Institute of Technology 
often argued with him (Martin) about the ethics of geo-
engineering, or even of conducting research toward that goal…

“I think it’s folly. It would just cause another environmental 
problem,” says Chisholm. “It’s so naive to think that we can do 
one thing and it’s going to have a predictable effect. The 
arrogance of human beings is just astounding.” 

The picture here is quite clear. Dr. Chisholm has thought the concept 
was “folly” and was actively lobbying to prevent even the research 
towards it, even before the first cruise. She believes that the human 
race – the other 6 billion human beings and their elected 
representatives – are too arrogant to even have the chance to 
choose. Her mind appears set was set before any data was even 
collected, and has not changed since. 

In keeping with her views, Chisholm has written papers, convened 
symposiums (see below), and lobbied government agencies, all for 
the single purpose: to ensure that her view of right and wrong is 
upheld. 

None of these actions are by themselves inappropriate. Dr. Chisholm 
has ever right to lobby for her views. However, it is important to 
understand that by these actions, Dr. Chisholm is has assumed the 
role of an activist, or political partisan, not a scientist. She has made it 
her mission to stop any development of the field, and has used her 
scientific position to do this, fighting by every means possible to slow 
down or block this technology, for reasons of personal ideology. 

Most likely her views will continue to be debated in the political 
sphere, at some point in the future when and if a large scale process 
is proposed. But right now, it’s important to ask the question: Is the 
ocean science community making a clear distinction between 
Chisholm the activist and Chisholm the respected scientist? Are they 
making the necessary allowance for her personal bias? And finally, 
are her personal views, as strongly worded as they are, acting to 
obstruct or prevent the normal process of scientific investigation for 
this nascent field, thus preventing the world community from getting a 
complete presentation of the facts necessary to make informed 
decisions? 

Case In Point: Dr. Kenneth Coale 
From Science News, September 30 1995, p 220: 

“We had predicted the response, but none of us was really 
prepared for what it would look or feel like,” says (Kenneth) 
Coale, a researcher at the Moss Landing (Calif.) Marine 
Laboratories. “There were some of us who were quite pleased 
and others of us who would walk out on the fantail and burst into 
tears. It was a profoundly disturbing experience for me" 

Coale and many others who witnessed iron’s tremendous 
greening effect loathe the idea of tinkering with the globe in such 
a heavy-handed way. 
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From Discover, October 2003 “Watery Grave” 

Coale thinks it's unfair, if not impossible, to expect the oceans to 
absorb more than 6 billion tons of excess carbon each year. 
"There are many of us who consider the oceans to be sacred," 
he says. But "we've let the cat out of the bag. We have to keep 
looking at it now, whether we like it or not." 

“Iron fertilization for geo-engineering or fish product has been 
driven by a kind of quick-buck philosophy.” 

Note the phrases “burst into tears” “profoundly disturbing” “loath” 
“sacred”. Clearly Dr. Coale has strong emotional feelings about the 
entire business. Again, Coale is entitled to his opinions, but we must 
point out: he is the director of the Moss Landing Laboratory, and is 
therefore in charge of what is arguably the central lab studying the 
effect. 

If Coale has such virulent feelings on the topic, which he expresses 
in almost every article written on the subject, how can he support 
unbiased research into the topic? How could any young researcher 
or student working under him dare to work optimistically on the 
subject when the leader of their group is so firmly opposed to it? 

It seems more likely that Coale’s conflict of conscience spills over into 
the field that he leads, and that this negativity creates a wet blanket 
smothering progress. 

Again, this should not be taken as personal criticism of Coale. We 
have no doubt that he is a dedicated leader of his group who honesty 
tries to do justice to the problem. But it seems unlikely he is able to 
do so. 

Case in Point: American Society of Limnology and 
Oceanography (ASLO) 2001 Ocean Fertilization Symposium.
The ASLO conference was billed as a symposium with presentations 
by a wide variety of interested parties. From this description, an 
average scientifically-literate citizen or government regulator would 
suppose that it represented an unbiased, or at least broad, view of 
the issues. This symposium created a “Policy Statement” which 
warns against ocean iron fertilization. Such a warning might very 
strongly affect the views of the public. 

The problem is, this conference appears to have been biased from 
the start, organized for the sole purpose of creating such a warning. 
The lead-off speakers for the conference were the two mentioned 
above, Chisholm and Coale. Chisholm gave the overview 
presentation, in which she made it very clear the purpose of the 
conference was to warn against the technology. So the question 
must be asked: how can such an event, organized in this way, 
possibly have arrived at an unbiased consensus of views? Of course 
it couldn’t and wasn’t intended for that purpose. Thus it is not a 
“scientific” event but an “activism” event, the equivalent of a political 
rally, which has been clothed as science to gain it increased respect. 

If this meeting was nothing more than a meeting of activists for one 
particular side of the debate, then it needs to be clearly labeled as 
such, so that future decision-makers won’t give it more consideration 
than is due such activism. 

Withholding Science from Society? 
Scientists are entitled to their political opinions. But when those 
opinions become the driving force for an entire scientific field, we 
question if this veers into ethical conflict. 

Individuals, no matter how strongly they may feel, do not have the 
right to obstruct the normal progress of scientific discovery and 
commercialization, in order to satisfy their personal beliefs. In fact, to 
some extent scientists have a larger obligation to research diligently 
and present unbiased facts so that the world community and elected 
representatives can make their own decisions. There are billions of 
citizens of the world who, through taxes, grant money, and goodwill, 
are funding scientific research, and who expect in return to get 
conclusions untainted by the personal beliefs. 

Therefore: 

· We respectfully suggest that the ocean science community needs 
do some “soul searching” if systemic bias has affected the 
progress of this research. 

· We believe that the literature of the field deserves a complete 
review to identify places where “negative spin” has been added 
prematurely, or where political or social commentary has been 
used to argue feasibility. 

· We suggest that the 2001 ASLO Symposium findings (Summary 
Statement April 25, 2001) be formally stricken and a new 
symposium be convened, in which a legitimate and valid cross-
section of opinions, both pro and con, are represented. 

· Finally, we suggest that researchers refrain from such negative 
remarks about commercial firms. Academic-commercial 
partnerships are a well-proven structure for making progress and 
solving problems. There is no need for scorn. 

If we are off-base or over-stating the problem, then we apologize. 
This letter is certainly not meant as an accusation, but instead, a 
serious question: has the Marine Science community gotten “off 
track” in regards to Ocean Fertilization, and if so, can it get back on 
track? 

Steve Kerry 
CarbonSequestration Blog 

Note: Responses welcome, and will be published in entirety in the 
Carbon Sequestration Blog. Please address sbkerry@hotmail.com or 
visit http://carbonsequestration.blogspot.com/ 

For more information on Ocean Iron Fertilization visit Wikipedia, the 
Free Encyclopedia: http://en.wikipedia.org/wiki/Iron_fertilization

Prior posts on this subject: 

http://carbonsequestration.blogspot.com/2006/05/10-years-ago-iron-
fertilization-battle.html

http://carbonsequestration.blogspot.com/2006/05/wiki-entry-on-iron-
fertilization-more.html

http://carbonsequestration.blogspot.com/2005/12/investigating-iron-
fertilization-is.html

7/26/2006 Addendum
Once criticism that might be levelled at this open letter--it didn't 
address any of the specific pros and cons of iron fertilization. Some 
might complain that we've only discuss the tone of the debate but not 
the actual issues. This omission was intentional. There simply wasn't 
room to address the issues in detail. 

We did make a few points in the "Top 3" post. In summary: 

1. It seems the biggest problem is that iron fertilization is debated 
primarily as a "geoengineering" technology. This is fallacious. The 
world climate change community is not looking for "big" technologies 
that are going to "fix the entire problem." That is no longer viewed as 
a realistic or even preferred approach. Instead the current consensus 
is for a large mix (or portfolio) of many efforts, some that reduce 
carbon emissions and some that sequester or remove carbon, which 
are applied across the globe in a multitude of ways, and which add 
up to the solution. 

Iron fertilization therefore should be viewed just as one of many of 
these different techniques -- yes, a very promising one, but not a 
single point solution. By looking at it on this more moderate scale, we 
can avoid the exaggerated claims and extremist arguments seen 
from both sides. 

2. It has not been clear which arguments are scientific and which are 
philosophical. For example, when someone says, "we shouldn't use 
iron fertilization, we should reduce energy consumption" that 
argument has nothing to do with science or even risk--it's about 
ideology. 
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Comparing Our Options: Carbon Sequestration   
Carbon Sequestration is the removal and long term storage of greenhouse gases that would 
have otherwise been emitted to (or remained in) the atmosphere. 

• This can occur by capturing & storing emissions from cars and industrial facilities, or it 
can occur by withdrawing (remediating) pollution already in the air. 

• Carbon dioxide can be stored long term as a gas in underground reservoirs or dissolved 
in deep ocean waters.  It can be compressed, super-chilled and sent to the ocean floor 
as a liquid.   

• Or it can be converted into plant tissue – biomass – in trees, grasses, soils and plankton. 

Sequestration must be: 
• environmentally acceptable with no harmful legacy for future generations, and with   

sustained value for ecosystems, species and natural communities  
• safe with no possibility for sudden large scale CO2 irruptions  
• verifiable so that carbon accounting is accurate and real 
• economically viable to minimize costs to society

Sequestration technologies vary in their ability to satisfy the above criteria. The table below 
provides a comparison of several prominent sequestration technologies currently available.   

oceans efficiency forests methane geo-sequestration renewables emissions
reductions

cost

time to delivery

CO2 mitigation capacity

environmental benefits

overall rank

All ecosystems provide ecological services which have a measurable value, both for the natural 
world and for society.  As ecosystems deteriorate, the value of services such as habitat stability, 
nutrient cycling, waste treatment and genetic diversity diminishes greatly. 

Planktos’ ecorestoration projects not only mitigate climate change (and related ocean decline), 
but increase the value of ecosystem services on land, at sea, and at work in the atmosphere. 
These projects deliver an affordable, effective, permanent, and environmentally beneficial way 
to reduce our impact on the climate and the oceans.
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The chart below outlines the benefits and limitations of several approaches to carbon 
sequestration and greenhouse gas offsets.   

Type Description Value-Added benefits Concerns 

Enhancing natural sequestration

Oceans 

By adding small amounts of natural iron 
into the ocean, we can enrich ocean 

productivity by restoring phytoplankton 
growth.  Plankton are very efficient at 

sequestering carbon. 

Increased function of marine 
ecosystem.   

Translates into higher 
ecosystem service values. 

Tracking plankton response to 
restored iron for long periods. 

Forests 

Carbon is incorporated into forests and 
forest soils by trees and other plants. 

Through photosynthesis, plants absorb 
carbon dioxide from the atmosphere, 
store the carbon in sugars, starch and 
cellulose, and release oxygen into the 

atmosphere. 

Enhanced ecosystem service 
value – improved habitat, 
water quality, air quality, 
genetic resources, job 

creation, increased natural 
resource production. 

Forest fires, storm or insect 
damage and other biomass 
decomposition may release 

absorbed carbon back into the 
atmosphere. 

Soils/Agriculture 

Carbon as plant organic matter is 
sequestered in soils.  Additional 

sequestration can be achieved thru 
rigorous soil management. 

Conversion of fallow lands to 
grasslands, wetlands or to 
pasture, particularly with 
good management, can 

sequester additional carbon. 

It is difficult to measure and 
monitor increased soil carbon 

sequestration. 

Artificial  Sequestration

Deep ocean 
Injection 

Carbon dioxide is pumped directly into 
the water at depth, and expected to form 
"lakes" of liquid CO2 at the bottom of the 

ocean. 

Potential to store large 
quantities of highly dense 

CO2 gas as liquid. 

Environmental effects are 
unknown, as are questions of 
permanence and/or leakage.  

Cost is an added concern. 

Geological 
sequestration 

Involves injecting carbon dioxide directly 
into underground geological formations 

and/or spent wells, mines, etc. 

Method has been used for 
more than 30 years to 
increase oil recovery. 

Permanence must be carefully 
monitored.   Cost is an added 

concern. 

Physical/Chemical remediation 

Methane 
remediation 

Approaches include coal-bed storage, 
landfill methane capture and use, and 

farm manure management, 

methane capture and use 
can provide a value-added 
revenue stream to carbon 

sequestration process. 

methane gas is a relatively 
small (if potent) part of all global 

greenhouse gases.  
Demonstrating permanence can 

be difficult in farm operations.  
Cost is an added concern. 

Emissions Reductions

Renewables 
Many renewable energy offsets fund wind 
or solar power; others fund projects that 
use farm biowaste to generate energy 

Supports the development 
and improvement of clean 
technology solutions.  This 

results in a long term solution 
to the energy crisis 

Renewables can currently 
contribute only small 

percentages of base load and/or 
peaking energy demand. 

Efficiency 
improvements 

A class of project strategies that 
essentially reduce the amount of fossil 
fueled energy requited to attain a given 

amount of output. 

Reduced energy costs, 
greater production output. 

Efficiency is already largely 
optimized.  Incremental 

improvements will likely be 
small for the near future. 

References: 
Greenhouse Gas Mitigation Planning – a guide for small municipal utilities, Appendix A 
Capturing and Sequestering Carbon Dioxide – US Climate Change Technology Program Strategic Plan 
Wikipedia 
Carbon Emissions Offset Directory – ecobusinesslinks.com 


