'.‘ frontiers

THE EARTH AND ITS RESOURCES
Published: 30 April 2020
doi: 10.3389/frym.2020.00044

Jennifer J. Freer'* and Laura Hobbs?3

1British Antarctic Survey, Cambridge, United Kingdom

2Scottish Association for Marine Science, Oban, United Kingdom

SDepartment of Mathematics and Statistics, University of Strathclyde, Glasgow, United Kingdom

GEMMA
< AGE: 16

Diel vertical migration (DVM) refers to the daily, synchronized
movement of marine animals between the surface and deep layers
of the open ocean. This behavior is the largest animal migration on
the planet and is undertaken every single day by trillions of animals in
every ocean. Like a big game of hide-and-seek, animals that perform
DVM spend the day hiding from predators in the deep ocean, and
then migrate to the surface to feed under the cover of darkness. In
this article we will explore this incredible strategy for survival. We will
introduce the animals involved, describe how the environment of the
open ocean drives DVM, and reveal the questions still to be answered
as the ocean environment continues to change.

Flocks of birds flying south for the winter and giant herds of wildebeest
searching for green pasture in the Serengeti are some familiar
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Figure 2

Examples of
zooplankton and fish
groups that live in the
mesopelagic zone and
may perform DVM: (A)
sea butterfly (credit: R.
Hopcroft, NOAA); (B)
copepod (credit: U.
Kils); (C) siphonophore
(credit: K. Raskoff,
NOAA); (D) amphipod
(credit: E. A.
Lazo-Wasem); (E)
Hatchetfish feeding on
a crustacean (credit: F.
Costa); (F) glass squid
(credit: E. Widder,
NOAA); (G) comb jelly
(credit: A. Semenov);
(H) decapod (credit: S.
Fielding); and (1)
dragonfish (credit: E.
Widder/HBOI, NOAA).
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what do the zooplankton do? We used to think that they went into
hibernation at this time. But recent research has shown us that some
stay awake right through the winter [3]. Instead of migrating in time
with the sun, they start to migrate in response to moonlight [4].

WHICH OCEAN ANIMALS PERFORM DVM?

When we use the word zooplankton, we are really referring to a
hugely diverse group of animals. They can vary in size from less
than a millimeter long to much larger examples, such as jellyfish.
Zooplankton can look very different from each other, but they are
united by the definition that, although they are able to weakly swim
or propel themselves in the water column, they can only travel large
distances across the sea by drifting with the currents. Some examples
of zooplankton can be seen in Figure 2.
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Zooplankton are really important for our ecosystems. Many
zooplankton eat phytoplankton and turn this into an energy source.
When the phytoplankton-eating zooplankton are eaten themselves,
the energy from the phytoplankton becomes available to bigger
zooplankton, fish, and even whales. So, DVM affects animals far higher
up the food chain than just the zooplankton themselves. It is not just
zooplankton that perform DVM. DVM has been seen in fish, and even
some sharks perform a version of DVM. So, this is not one simple game
of hide-and-seek. It is zooplankton hiding from their predators (such
as small fish), who are also doing DVM to hide from their predators (big
fish). And this massive game is happening every night, right beneath
the waves.

WHERE DOES DVM OCCUR?

If you look in any sea, ocean, or lake across the planet at any time, you
will find animals doing DVM. At sunset every night, they swim to the
surface and, at sunrise, they sink to depth. DVM happens everywhere!
The exact timings change. Away from the equator, the days are longer
in summer and shorter in winter, and the timings of the migrations
reflect this. At the equinoxes, on 21st of September and 21st of March,
day length is consistent right across the planet. In theory, all the
migrators should be swimming to the surface at about 6 o'clock in
the evening. As the earth rotates and the sun sets, the migrators start
swimming. Imagine it like a huge stadium wave across the world’s
water bodies.

WHAT IS NEXT?

Scientists are continually generating new ideas about what controls
the timing, depths, and duration of DVM. Evidence now suggests
that DVM may not be as simple as a direct response to light. In
fact, the temperature and oxygen levels of the water, and even
the genetic make-up of individual animals, are other factors that
determine where animals are positioned in the water column over the
daily cycle [2].

As the oceans continue to warm with climate change, scientists also
want to understand how changing environments will affect DVM. For
example, fish and zooplankton are moving north to stay within their
optimal temperature ranges. This may bring them in to new light
conditions, exposing them to longer days in summer and shorter
days in winter [5]. How might this new light environment affect
their migrations? Will they adapt their finely tuned strategy, or will
populations experience lower rates of survival?

Scientists are interested in these questions because zooplankton and
their DVM are of huge importance. This is because, after feeding
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all night at the surface, the zooplankton migrate to depths, taking
their carbon-filled poo with them. These poo pellets act as speedy
vehicles for carbon, which can be locked up for thousands of years
when it reaches the bottom of the sea [6]. As the levels of carbon
in our atmosphere are contributing to global heating, any changes
to zooplankton populations could have big consequences for the
efficiency of this carbon removal and for the ocean’s ability to help
regulate global climate.

Overall, the phrase “better to be hungry than dead” [7] neatly
summarizes the reason why so many animals undergo the gargantuan
game of hide-and-seek known as DVM. By feeding at night and hiding
during the day, DVM allows them to balance their need to eat with
avoiding to be eaten! DVM is essential for understanding these mighty
migrators and their many roles in the open ocean. You might say it
is game-changing.
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