
EARTH AND ITS RESOURCES
Published: 02 December 2022
doi: 10.3389/frym.2022.704120

WHY ARE THE EASTERNMARGINS OF OCEAN BASINS

FULL OF FISH?

Sara Miller 1,2, Luisa Lopera 3 and Annalisa Bracco 1*

1School of Earth and Atmospheric Sciences, Georgia Institute of Technology, Atlanta, GA, United States

2Department of Astronomy, Cornell University, Ithaca, NY, United States

3Ocean Sciences and Engineering Program, Georgia Institute of Technology, Atlanta, GA, United States

YOUNG REVIEWERS:

AVENTURA

CITY OF

EXCELLENCE

SCHOOL

(ACES)

AGES: 11–12

AVERY

AGE: 13

ELENA

AGE: 14

JAETHANIEL

AGE: 12

LUKE

AGE: 12

At the eastern side of the Atlantic and Pacific Oceans, Earth’s rotation

combined with winds blowing toward the equator push water away

from the coasts. Deep ocean water rises to replace what was pushed

away, in a process called upwelling. The colder, deep water that

rises to the surface is rich in nutrients and oxygen, and it supports

healthy ecosystems. That is, upwelling in coastal oceans equals lots

of fish! There are four coastlines where upwelling is crucial, known as

eastern boundary upwelling systems (EBUS for short). These regions

cover <3% of the world’s ocean area, but they are responsible

for 20% of the global fish catch. EBUS change constantly along

with Earth’s changing climate. Given their extraordinary biological

productivity, it is very important to understand how global warming

may impact EBUS. In this article, we describe what EBUS are and

discuss how climate changemay a�ect them and the fish populations

in their ecosystems.
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INTRODUCTION

“Small, but mighty” is a good way to describe the tiny fish that live in
the upper ocean. Sardines and anchovies, for example, may be small,
but they play an extremely important role in the ocean food chain and
in the marine ecosystem. These small fish are a major food source for
bigger fish, which are a major food source for humans all around the
world! The largest populations of sardines and anchovies live in regions
of the ocean called eastern boundary upwelling systems (EBUS).

EASTERN

BOUNDARY

UPWELLING

SYSTEMS (EBUS)

Regions of the ocean
where water at the
ocean’s surface moves
away from the coasts
and is replaced by
colder water, rich in
oxygen, and nutrients.

EBUS are formed by a combination of the Earth’s rotation and the
surface winds that blow toward the equator along the direction of the
coastline. These factors work together to push the water at the surface
of the ocean away from the coasts. This horizontal water movement
forces deeper water, which is usually colder and richer in oxygen and
nutrients like nitrogen and phosphorus, to rise into the upper layer of
the ocean where sunlight reaches. When nutrient-rich water reaches
the sunlit layer, phytoplankton blooms result. Phytoplankton are tiny

PHYTOPLANKTON

BLOOM

Rapid increase of
phytoplankton in a
particular region,
associated with high
amounts of nitrogen,
phosphorus, and
silica—the main
nutrients for
plants—along with
abundant light
and oxygen.

PHYTOPLANKTON

Microscopic, drifting
plants that live in the
sunlit zone of the
ocean, and
performphotosynthesis.

drifting plants. Like plants on land, phytoplankton use photosynthesis
to transform the sun’s energy into complex nutrients and oxygen,
and support the whole food chain of the ocean. Zooplankton, the
tiniest animals in the ocean, eat phytoplankton, while zooplankton
themselves are the preferred food of larger fish. The physical process
behind this beneficial movement of ocean water is called oceanic
upwelling (Figure 1).

Figure 1

Figure 1

Upwelling is the
process by which warm
surface water in the
upper, sunlit region of
the ocean is replaced
by deeper, colder,
nutrient-rich water
from the deeper
regions (twilight zone).
In EBUS, upwelling is
caused by the wind that
blows along the
coastline and toward
the equator, combined
with the Earth’s
rotation. The wind
forces the surface
water away from the
coast. WHERE ARE THE EBUS ANDWHY DOOCEANOGRAPHERS

STUDY THEM?

Oceanographers study EBUS because they are one of the ocean’s
most productive ecosystems, and they are very important for the
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economies of many countries. There are four main EBUS across the
globe: the California and Peru-Chile upwelling systems in the Pacific
Ocean, and the Canary and Benguela upwelling systems in the Atlantic
Ocean (Figure 2) [1]. Seabirds such as cormorants, pelicans, and
gannets, as well as marine mammals, are plentiful and diverse in EBUS
because these animals are attracted to the concentrated food source
available in these ecosystems. The accumulated excrement (poop) and

PHOTOSYNTHESIS

The process by which
plants use sunlight to
synthesize food using
carbon dioxide
and water.

ZOOPLANKTON

Small aquatic
organisms including
crustaceans and larvae
that drift in the ocean.
They mostly eat
phytoplankton and they
are eaten by larger
predators like fish.

the remains of dead birds and seals form a very valued soil fertilizer
called guano, which is supercharged in nutrients. Not only do EBUS
provide up to one fifth of the world’s total fish catch [2] despite making
up only a very small fraction of Earth’s oceans, but, due to guano, they
were of crucial importance to the development of modern intensive
farming in the nineteenth century!

Figure 2

Figure 2

Locations of the four
main EBUS. The size of
the anchovy and
sardine populations in
each EBUS is
proportional to the size
of the fish symbol. The
largest population is
found in the Peru-Chile
Upwelling System, and
the smallest in the
Canary Upwelling
System.

EBUS AND CLIMATE CHANGE

Because fish are an important source of food and income for much of
the world, scientists would like to understand how climate change will
a�ect EBUS. Scientists believe that global warming will a�ect EBUS in
two ways: it will change the winds that drive upwelling in EBUS, and it
will change the layering of ocean water (Figure 3).

Figure 3

Figure 3

Possible
future scenarios for
EBUS. (A) As a result of
climate change, EBUS
upwelling may weaken
because of increased
stratification. Weaker
upwelling results in less
nutrients in the sunlit
zone, which means less
phytoplankton,
providing less food for
zooplankton and fish.
(B) Alternatively, EBUS
upwelling may
strengthen because of
stronger winds and
little changes in
stratification. Stronger
upwelling results in
more nutrients in the
sunlit zone, which
means more
phytoplankton,
providing more food
for zooplankton and
fish.
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Let us start with the winds. If the winds weaken, less water is pushed
UPWELLING

Physical process in
which in cold,
nutrient-enriched
ocean water rises from
deep layers toward the
ocean surface.

o�shore and upwelling decreases. Likewise, stronger winds would
yield greater upwelling because more water at the ocean’s surface is
pushed away and replaced by larger amounts of deep water. Although
scientists are still debating whether it is more likely that winds will
strengthen or weaken, most researchers agree that coastal winds will
become stronger in the future [3]. This could happen because global
warmingwill cause the land towarm faster than the ocean. If you leave
a rock and a glass full of water out in the sun, after an hour the rock
will be very hot and the water will only be warm. This is because the
land and the ocean have di�erent heat capacities. If the land warmsHEAT CAPACITY

The amount of heat
required to warm a fix
amount of material by
1 degree. The heat
capacity of water is
higher than that
of rock.

up more than the ocean, the land-ocean temperature contrast will
increase. Scientists predict that this increased temperature di�erence
will produce stronger winds along the coastlines, and that these winds
will increase upwelling. Increased upwelling would bring even more
nutrients and oxygen close to the surface, encouraging the growth of
beneficial phytoplankton blooms [4].

However, global warming will also cause air temperatures to rise [5].
When warm air heats the upper layer of the ocean, it increases what
scientists call ocean stratification. Stratification occurs when waterSTRATIFICATION

The process by which a
fluid organizes into
layers based on density.
In a stratified ocean,
warmer, lighter, less
salty water rests on top
of colder, heavier,
saltier water.

with di�erent densities forms layers piled one on top of the other,
from the lightest on top to the heaviest at the bottom. Warm water
is less dense than cold water, so warm water floats on cold water.
The lightest and warmest water is found in the upper ocean and
each layer beneath is heavier and colder. Although warmer water in
the upper ocean sounds nice for swimming, this warm layer acts as
a barrier to upwelling. The more the stratified the ocean water is,
the weaker the current that moves the surface water away from the
coast. As a result, a more stratified ocean could decrease upwelling,
decreasing the amount of nutrients that reach the sunlit zone where
photosynthesis happens.

How does this all fit together? Although we know that EBUS’
ecosystems may benefit from stronger winds and may be harmed by
increased stratification, we do not know if the sum of these changes
will be good or bad for the organisms that live there. Scientists are
working to predict the future of EBUS with the help of computers.
While it is not yet possible for a computer to model all that happens in
the atmosphere and ocean, we havemade huge progress representing
Earth’s climate in a realistic way. Results of these computer models
show that each of the four main EBUS will likely respond di�erently
to a changing climate. One group of researchers, for example, found
that the two EBUS in the Atlantic Ocean may be very sensitive to
climate change, whereas the two EBUS in the Pacific Ocean may
not be a�ected by it very much [6]. Nevertheless, computer models
agree that global warming will a�ect EBUS in summer more than in
winter. Global warming will change the locations where the strongest
upwelling occurs during the summer season, while changes in winter
will be smaller [3].
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WHATWILL EBUS LOOK LIKE IN THE FUTURE?

With global warming, scientists predict changes to surface winds,
ocean temperatures, and ocean stratification, among others [7]. While
each of the four main EBUS is shaped by similar processes in the
ocean and in the atmosphere, the combined e�ect of the expected
changes will be unique to each location. As a result, global climate
change will impact each EBUS di�erently. It is still unknown how
these climate-ecosystem shifts will a�ect fish, seabirds, and marine
mammals. Through a combination of ocean measurements and
computer-based predictions, scientists will continue to study EBUS to
understand how we can limit the damaging e�ects of climate change.
While we figure it out, choosing sustainable seafood is an easy way to
help sardines and anchovies from all EBUS to stay healthy!
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