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Sea turtles around the world are threatened with extinction, largely
due to human activities. To better protect sea turtles, we need
to improve our understanding of the activities that threaten them.
However, we often do not know the cause of sea turtle deaths,
making it difficult to help protect them. This is the case in the
Chesapeake Bay, USA, where hundreds of dead sea turtles are
found washed up on beaches each year. In this study, researchers
investigated these events, known as sea turtle strandings, to better
understand why sea turtles in this region are dying. First, they carried
out experiments to predict when and where sea turtles died at sea.
This information was then used to identify potential causes of sea
turtle mortality. The results of the study suggest that high sea turtle
mortality occurs at the entrance of the Bay, where many human
activities take place.

SEA TURTLES

If you could dive and visit all the seas of the world, you would see
a large number of animals and plants. They would all be different;
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Figure 1

There are seven living
sea turtle species,
shown here in
comparison with an
average adult human
and an extinct sea turtle
species, archelon, to
show their relative size
(illustration from the
National Aquarium of
Baltimore https://www
aqua.org/blog/2015/
April/oceans-seven).

SPECIES

A group of similar
organisms that can
breed together.

MORTALITY
Death.
STRANDED

Washed up on
beaches, dead.
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Figure 1

some very large and others tiny, some with dark colors and others with
very bright colors. You could also find yourself face-to-face with a sea
turtle. There are seven living species of sea turtles found worldwide:
the leatherback sea turtle, the green sea turtle, the loggerhead sea
turtle, the hawksbill sea turtle, the Kemp's ridely sea turtle, the olive
ridely sea turtle and the flatback sea turtle (Figure 1). Unfortunately,
these turtles are becoming more and more rare and, over time, some
sea turtle species have even become extinct, including archelon, the
largest sea turtle ever documented. Today, sea turtles are threatened
with extinction due to human activities, including pollution, intensive
fishing, ship strikes, climate change, and many others. To protect them,
it is necessary to better understand the habitat use of sea turtles and
define the threats to these species.

To help protect sea turtles, researchers carry out investigations to
better understand the causes of sea turtle death, also known as
mortality. Dead sea turtles are sometimes found washed up, or
stranded, on beaches. Although the turtles may sometimes have
injuries on them providing clues as to what may have killed them, often
there are little or no traces on their bodies to help scientists understand
why they died. This is what usually happens in the case of stranded
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Figure 2

Map of the Chesapeake
Bay, USA (©Google
Maps).

BACTERIA

Microscopic organisms
present nearly
everywhere on Earth;
some are dangerous
and can induce
infections and other are
essential for life, as in
the decomposition
process.

DECOMPOSITION

Process in which a
dead plant or animal is
reduced to smaller,
microscopic pieces by
bacteria and

other organisms.

CARCASS
A dead animal body.
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Figure 2

turtles found on the beaches of the Chesapeake Bay in Virginia, located
in the eastern United States (Figure 2).

To better understand these stranding events and identify possible
causes of mortality, we wanted to determine the area of the bay in
which the beached turtles had died. With this information, we could
look at things going on in those areas, such as fishing and boating
activities, to try and determine what threatens sea turtles in this region.
To first determine where and when the turtles died, we had to conduct
experiments. Let us take a closer look at what was done!

WHEN?

When an animal dies, its body changes in appearance. It will gradually
disappear as it is eaten by other animals and bacteria. This process
is called decomposition. When a sea turtle dies, the first thing that
happens is that the body of the turtle, known as a carcass, sinks to
the bottom of the sea floor. However, the bacteria in its intestines
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Figure 3

Decomposition time of
a sea turtle in
warmer-temperature
(left) and
cooler-temperature
(right) waters. In this
experiment, dead sea
turtle carcasses floated
to the sea surface
about 1 day after death
in warmer water (28°C)
and remained floating
for 2 days before
sinking. However, in
cooler water (below
20°C), it took 2 days
after death for sea

turtle carcasses to float,

at which point they
remained floating for
10 days before sinking
(©Elyse Boudin).

Boudin et al. Virginia Beached Sea Turtle Survey

Figure 3

continue to live and produce gases, gradually making the body swell.
Like a balloon filled with air, the body floats and rises to the sea
surface. But, as the bacteria continue to decompose the body, the
carcass will eventually develop holes and let out the gases that kept
it on the surface. It sinks again and disappears to the bottom of the
sea permanently.

The turtles found stranded on Virginia's beaches arrived floating. They
had not yet released the gases they contained, otherwise they would
have sunk and remained at the bottom of the sea without reaching
the beach. Since we ultimately wanted to understand why these sea
turtles died, we first needed to figure out where and when they died.
Importantly, we needed to estimate how long the sea turtle carcasses
spent floating at sea after they died and before they stranded. To
estimate this, we first had to determine how long it takes for a sea
turtle carcass to float after death and how long it can remain floating
before sinking permanently.

To do this, we monitored the decomposition of eight dead sea turtles
in waters of different temperatures. We made daily observations to see
how many days passed before the bodies started to float and then
how many more days it took for the bodies to decompose to the point
when they sank permanently. We noticed that the warmer the water
temperature was, the faster the sea turtle carcasses decomposed: in
warm, summer water of about 28°C, the bodies began to float after
about 1 day, then sank permanently after floating for just 2 days.
However, in colder, spring or fall waters below 20°C, the carcasses
rose to the surface after 2 days and remained floating for about
10 days before releasing their gases and sinking (Figure 3)! Why
this difference? It is because bacteria like heat, and they will break
down the turtle’'s body more quickly in warmer temperatures than in
cooler temperatures.
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In summary, using the water temperatures and times observed in the
experiment, we were able to estimate when each of Virginia's stranded
sea turtles died at sea.

WHERE?

Now that we had an idea of when the stranded sea turtles died, the
next step was to try to determine the place of death. It is necessary to
know where the turtles died to potentially find out what killed them.
For example, death could be due to a collision with a tourist boat
or fishing boat. By knowing the turtle’s place of death, researchers
can check whether there are a lot of boats in that location, and then
possibly find solutions to allow for boats and turtles to share the water
area safety.

When a turtle is found stranded, it is impossible to know where it came
from unless you retrace the path taken by its body since its death.
When a sea turtle carcass floats, it drifts with currents and winds, just
like a floating piece of plastic or wood would do, until it lands on the
beach. Therefore, to predict this floating pathway, we must look at
how the currents and winds transported the carcass as it floated on
the sea surface. Other researchers had already made measurements
to determine the effect of ocean currents on the trajectory of sea
turtle carcasses. However, sea turtles have big shells that stick out
of the water, meaning their movements are influenced by winds
as well. No measurements had previously been taken regarding the
effect of winds on sea turtle carcasses. We therefore conducted an
experiment to determine the role played by winds in the trajectory of
sea turtle carcasses.

How did we do it? We equipped floating turtle carcasses, which drift
according to both ocean currents and winds, with GPS units. We also
put GPS units on buckets, which barely exceed the water line and thus
only drift with currents (Figure 4). Then we dropped the GPS-equipped
carcasses and buckets off in different parts of the Chesapeake Bay
and observed their trajectories. Looking at the results, we found that
the turtle carcasses and buckets did not move in the same way. The
turtle carcasses, which protrude from the water, are pushed by winds,
while the buckets, which do not protrude, cannot be pushed by the
winds. That means that winds play an important role in the path
taken by a floating sea turtle carcass. Therefore, to find the place
where the stranded turtles died, we had to consider not only the
strength and direction of the currents over the previous days, but also
the winds.

SOLVING THE MYSTERY OF THE SEA TURTLES

Each year, mainly in June, more than a hundred young loggerhead
sea turtles are found stranded on the beaches of the Chesapeake
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Figure 4

An experiment was
conducted to
determine the role of
winds on the
trajectories of turtle
carcasses. (Left)
researchers equip a
floating turtle carcass
with a GPS (©D.
Malmquist/VIMS). (Top
right) A bucket
equipped with a GPS
(©Bianca Santos).
(Bottom right) A
floating turtle carcass
equipped with a GPS
(©D. Malmquist/VIMS).
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Figure 4

Bay. Using all of the information gathered by these experiments, we
created a computer program to predict the paths likely taken by these
turtle carcasses. According to these predictions, many sea turtles are
believed to have died around the entrance of the bay, near the cities
of Norfolk and Virginia Beach (Figure 2), which is an area widely used
by humans for fishing and recreational activities.

Sea turtles face many dangers at sea, but they can be hard to study and
protect, because they spend a lot of time in the open ocean where
humans cannot reach them. Therefore, sea turtles that strand on
local beaches where scientists can study them provide an important
opportunity to investigate the threats that sea turtles face. The data
and methods from this study give researchers a better idea of where
sea turtle deaths are happening, and this research is one way to help
protect the marine turtles that use the Chesapeake Bay each year.
Knowing that many of these turtles die near the cities of Norfolk
and Virginia Beach, the people working to preserve species and their
habitats can try to remove or reduce threats in these areas. For
example, they can establish rules for fishing and boat traffic, create
a protected area, or work to educate the public.

Sea turtle strandings do not only happen in the Chesapeake Bay, but
occur all over the world. Therefore, this research can also be used
to help predict where sea turtles died at sea in many other areas
of the world. In addition to sea turtles, other marine animals, such
as dolphins and whales, can also die and end up stranded on local
beaches. Scientists can use methods similar to those described in this
study to investigate the locations of mortality for these animals, as well.
With research like this, we can help protect the marine animals that live
In our oceans.
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