Climate Facts:

Changes in Ocean Food Webs

Recent climate changes are affecting the World’'s ocean food webs. Here, we highlight two distinct, but
often interrelated phenomena that are changing ocean life. The first is changes in where and how plankton
live as aresult in a general increase in sea surface temperatures. The second is how changes in ocean
currents are impacting food web compositions and how these webs function.

Warming Waters and Plankton

In the oceans, tiny creatures known as plankton ultimately feed all other ocean life. These plankton are classified as
one of the following: phytoplankton, which are tiny, single celled creatures that rely on the sun's light for energy;
zooplankton, which are the microscopic “grazers” that feed on these phytoplankton; and bacterioplankton, which
are single celled bacteria that play an important role in cycling nutrients throughout the ecosystems.

In the heavily studied North Sea, which lies between Britain and Scandinavia, water temperatures have
increased by about two degrees Fahrenheit in the last fifty years. Here, zooplankton begin their life cycle
when the waters reach a certain temperature. Phytoplankton, on the other hand, begin to bloom when
the days become long enough. Because the water is reaching the critical hatching temperature earlier in
the year, zooplankton are often starting their lifecycles before their food, phytoplankton, have bloomed.'

In the Narragansett Bay, which is off the Rhode Island Coast, the water temperatures have warmed
about three degrees Fahrenheit in just the last thirty years. These warming temperatures have allowed
zooplankton to remain active during parts of the year when they previously could not. Traditionally, a late
winter phytoplankton bloom would result in a “snow” of nutrients (the phytoplankton bodies) falling to the
ocean bottom and feeding the creatures living there. With the zooplankton more active in the winter than
they used to be, however, the phytoplankton are being consumed before their bodies fall to the ocean
floor. The lack of this phytoplankton “snow” is impacting fish populations, particularly winter flounder."

With the waters of the Arctic Ocean warming, light is now able to penetrate waters that were covered by
ice just a few decades ago. This has resulted in more productive ecosystems, but it has also encouraged
the invasion of Atlantic zooplankton, which are becoming more common as Arctic zooplankton become
more rare. For the same reason, Atlantic Cod are replacing Arctic Cod. "

As the Atlantic Ocean has warmed, plankton abundance has increased in some areas of the Atlantic and
decreased in others. Plankton do best when the water in not too warm, not too cold, and has just the
right amount of turbulence and nutrient mixing. Thus, areas of the Atlantic that were already relatively
warm before recent climate changes have generally experienced a decline in plankton abundance,
whereas areas that were relatively cool just a few decades ago and have warmed have generally
experienced a rise in plankton abundance. "
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Ocean Current Changes

While the Planet’s general warming trend has caused an increase in water temperatures, it has also altered the
behavior of ocean currents, which move heat and nutrients from one part of the ocean to another. Here are several
examples of changes in ocean food webs that can be attributed to changes in ocean currents.

e Inthe Western North Atlantic Shelf, a stream of water travels from the Arctic Ocean all the way down to
Cape Hatteras, NC. Since the 1970’s, this stream has become less salty. This “freshening” has set off
several changes in the behavior of this water stream including the timing of the annual (autumn) mixing of
the deep and shallow water layers, which has corresponded to an increase in snow crab and shrimp
populations. Although over-fishing is at least partially responsible for a simultaneous collapse in cod
populations, the cod’s lack of recovery in Canada's Maritime Provinces despite a decade-long fishing
moratorium can be explained by this shift in currents. "

e Dead zones off the Oregon Coast occur when strong northerly winds produce an upwelling of nutrient rich
water. This water feeds the phytoplankton, which bloom near the surface. Dead phytoplankton sink to the
ocean bottom, where they are decomposed by bacteria. As the phytoplankton decompose, oxygen is
consumed and hypoxic, or low-oxygen, zones form near the ocean bottom. In recent years, upwellings off
the Oregon Coast have been particularly strong and have not been balanced by periods when the winds
switch. Although hypoxic zones are considered to be a regular part of the Oregon Coast’s circulation
system, such zones had not been documented in the shallower waters of Oregon’s productive inner-shelf
prior to 2002. The 2006 dead zone set records for size, duration, and lack of oxygen."

*  Changes in the California Current System over the past 30 years, specifically a weakening of the upwelling
that brings cool and nutrient rich water to the surface, have resulted in widespread and unprecedented
declines of plankton, fish, and bull kelp populations. When compared to the early 1970’s, zooplankton
populations are lower and their annual population peaks are now occurring an average of two months
earlier in the year. The fish that eat these plankton have generally declined in population; the populations of
some species have fallen by 50 percent during this period. Perhaps the most profound change in the
California Current System has been the loss of the productive kelp forests, which provide habitat for over
800 species. These forests only cover 25 percent of the area that they did thirty years ago.”
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