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Stretching from inland rivers and 
bays to the edge of the continen-
tal shelf, the coastal ocean accounts 

for about 10 percent of the ocean’s sur-
face area. Yet this relatively small sliver of 
ocean contains about half of all the micro-
scopic plants adrift in our seas. 

With satellites we can see what fisher-
men find with their nets: coastal waters 

are the most biologically productive por-
tions of the world’s oceans. Acre for acre, 
the coastal ocean is as productive as a 
prosperous Midwestern farm.

This is not necessarily a surprise. Mi-
croscopic plants, or phytoplankton, form 
the base of most of the food webs in the 
ocean. Microscopic animals (zooplank-
ton) eat the phytoplankton, and are in 
turn eaten by other, larger animals. In-
creased biological activity by plants en-
hances animal activity.

Most of the world’s great fisheries lie 
within coastal waters. But why is this area 

so much more productive than the rest of 
the ocean? Growing microscopic plants 
is like growing a lawn: both nutrients and 
light have to be available in the right quan-
tities to allow photosynthesis to take place. 
Since light typically penetrates just the top 
50 to 100 meters (150 to 300 feet) of the 
ocean, the problem comes down to having 
a sustained supply of nutrients in the up-
per layers of the water.

In the deep, open ocean, when nutri-
ents become available near the surface, 
plants bloom, die, decay, and sink, often 
to a depth where there is no light. Instead 

The Grass is Greener in the Coastal Ocean
Coastal waters teem with life, but sometimes scientists can’t explain why 

Hot spots along the coast 

Using satellite data, scientists can estimate how quickly microscopic plants are growing in the ocean. Red and yellow colors indicate regions 

of fastest growth, revealing the fertility of coastal waters. Tiny plants known as phytoplankton form the base of the food web, providing 

food for microscopic animals that in turn provide food for larger animals. 
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of being recycled, the nutrients consumed 
by these plants accumulate in the depths, 
out of the reach of new plants. So while 
the open ocean can experience transient 
blooms, there is usually not a sustained 
supply of nutrients in the upper ocean to 
promote plant activity.

Mighty winds and lazy rivers
The coastal ocean teems with life 

because there are mechanisms for tap-
ping this store of deep nutrients and for 
drawing plant food from other marine 
environments. There is no one mecha-
nism at work on every coast, but different 
processes at work in different places. Some 
are well understood, while others remain 
a mystery.

One well-understood example is wind-
driven coastal upwelling, a process that 
taps into the store of nutrients stockpiled 
in the deep. Along some coastlines, strong 
winds blow parallel to the coast during 
certain seasons. These persistent breezes 
push water downwind, while the force of 
Earth’s rotation (called the Coriolis force) 
deflects water to the right of the winds 
(left in the southern hemisphere). As a 
result, the waters in the turbulent upper 

10 to 30 meters of the ocean are blown off-
shore, drawing colder, nutrient-laden wa-
ters from the depths to replace them.

The surface waters in regions of coastal 
upwelling are cold and nutrient-rich, 
promoting robust growth of plants and 
the animals that feed on them. But this 

mechanism can only be effective in places 
where the winds blow in the right direction. 

These special places—coastal 
California, the Iberian-Canary system 
off Spain and Portugal, coastal Peru 
and Chile, and the Benguela system 
off southwestern Africa—are home to 
some of the world’s most important 
fisheries. As much as 40 to 50 percent of 
the world’s commercial fish catch comes 
from upwelling areas that comprise just 
1 percent of the global ocean.

Another well-known mechanism 
for coastal productivity is river outflow. 
Natural and manmade nutrients—
principally nitrates and phosphates—run 
off the land and fertilize marine plants. 
River outflow is best known for building 
productive regions in the North Sea and 
in the Gulf of Mexico. 

This fertilizer can be a mixed bless-
ing. When too many nutrients are released 
into seas, bays, and estuaries, it can create 
an overabundance of decaying plants and 
animals, depleting oxygen from the water. 
These nutrient-rich, oxygen-poor waters 
become dead zones, driving animals to mi-
grate or die. This may be the greatest threat 
to the health of our marine environment.

Strong winds blowing along certain coasts can promote a phenomenon known as coastal 

upwelling. The waters off California, Peru, and western Africa—where upwelling provides 

abundant nutrients—include some of the most productive fisheries in the world. 

A satellite image shows the flood of sediment pouring out of the Mississippi River into the Gulf 

of Mexico (more than 500 million tons per year). The torrent of nutrients feeds blooms of marine 

plants, creating one of the ocean’s most biologically productive regions. But an overabundance 

of nutrients can sometimes cause microscopic plants and animals to grow, die, and decay so 

fast that they deplete the oxygen in the water. These “dead zones” (blackened waters in the 

image) can linger for months.
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Unsolved mysteries
While the fuel for some productive 

coastal zones is well understood, it is sur-
prising how little we understand about 
other historically important regions. 

Georges Bank off the New England 
coast is one of the world’s most produc-
tive fisheries and known to sustain high 
production of microscopic marine plants. 
Wind-driven upwelling cannot be a factor 
here and the region is too far from land 
for runoff to be important.

The Georges Bank system is dominated 
by extremely strong tides and sharp fronts, 
where water masses with stark differences 
in temperature or salt content intersect. 
There are several similar systems around 
the world—including the Yellow Sea and 
the Grand Banks—but no one has directly 
observed a means for providing nutrients 
in these areas. In the past few years, re-
searchers have proposed some sound hy-
potheses and theoretical models involving 
the interplay of tidal pumping and ocean 
mixing. But none of those theories has 
been tested in nature.

While there is no solution to the 
Georges Bank enigma, at least there are 

Most of the world’s great fisheries lie in coastal waters. Scientists can explain why many areas 

are teeming with life, but other productive regions defy explanation.

some promising hypotheses. In the Gulf of 
Alaska, we don’t have a clue. None of the 
well-understood mechanisms work in this 
incredibly productive region. The winds 
blow in the wrong direction and the coast-
al runoff is pure, low-nutrient water. There 
is no strong hypothesis to account for the 
productivity of the area, though that does 
not stop the fishing boats from proving 
the waters are rich.

Fishing for answers
How could we still have such gaps in 

our fundamental knowledge as we be-
gin the 21st century? Perhaps the biggest 
reason is the cost and difficulty of mak-
ing observations in the ocean. We just 
don’t have good factual descriptions and 
observations of some regions, although 
coverage is rapidly improving around the 
United States. 

It is only through direct observations 
that we can detect nutrient pathways or 
at least gather enough clues to allow the 
formulation of strong hypotheses based 
on computer models. Our biggest chal-
lenge is to develop and improve our ability 
to make these observations—of nutrients, 

currents, and the abundance of phyto-
plankton—in the right places, at the right 
times, and at rates and scales that can be 
compared. This means collecting data over 
months and years, rather than through 
isolated, intermittent expeditions.

We are at a wonderful juncture where 
critical new ocean technologies are in 
sight, and we have the right sort of ques-
tions and problems to solve with them. 
Some tools are emerging—particularly 
autonomous underwater vehicles, remote 
sensors, and coastal observatories—that 
promise to make our observations more 
specific and more quantitative. At the 
same time, our numerical models are be-
coming increasingly realistic and useful. 
This interplay of models and observations 
is proving extremely productive, as in the 
case of Georges Bank, where we now have 
a specific hypothesis to test. 

The reasons for understanding pro-
ductivity in the coastal ocean extend well 
beyond the curiosities of pure science 
and the livelihood of our fishermen. The 
biological activity along our coasts has 
important implications for human activity 
on the land. 

For instance, toxic blooms caused by 
polluted and excessively fertilized wa-
ters can hamper recreation and sicken 
humans and marine life. Also, as marine 
creatures generate wastes, decompose, 
and sink, they provide a means for re-
moving carbon from the upper layers of 
the ocean and, in turn, removing green-
house gases from the atmosphere.

The coastal environment is the most 
familiar and most connected with hu-
man life. It is also most affected by human 
activity. Understanding the reasons for 
the marvelous abundance of life in these 
regions will give us a means to ensure our 
own life along the water’s edge.
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