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Have you ever lost your phone and used its GPS function to locate
it? To learn about fish, scientists are interested in where fish go and
what they experience but GPS technology does not work underwater.
Scientists therefore developed small electronic data loggers that can
be attached to fish, to record conditions in a fish's environment.
When the fish is recaptured, this information can be downloaded
and returned to the scientists. The fish's movements can then be
reconstructed by comparing the recorded measurements with the
conditions in the sea. In this article, we explain how this method
works and tell you the story of two cod with very different fates: Wally,
who moved around to feed and to produce offspring, and Wilma, who
went on an adventure with a surprising ending.
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GLOBAL
POSITIONING
SYSTEM (GPS)

A system that uses
satellites that send
signals about their
locations to earth.
From these signals, the
position of a receiver
unit, such as a phone,
can be determined.

SUSTAINABLE
FISHERIES
MANAGEMENT

Fishing that is done
carefully, at a level that
ensures that the fish
population will remain
productive and healthy
so that it can be

fished indefinitely.

WATER COLUMN

It is the space between
water surface and
sea floor.

SALINITY

Contrary to freshwater,
the water in the oceans
contains salt. The
amount of salt in the
water is referred to as
salinity. The more salt
in the water, the higher
the salinity.

DATA STORAGE TAG
(DST)

A data logger that can
be attached externally
or implanted internally
into fish. It records data
at predefined time
intervals, which can be
downloaded

after retrieval.

WHY DO FISH MOVE AND WHY SHOULD WE LEARN ABOUT
IT?

Have you ever lost your phone? If so, an app that tracks your phone's
position may have helped you locate it. Tracking apps use a global
positioning system (GPS), based on satellite signals. For animals that
live on land, this method can be used to follow their movements and
learn more about their behavior. Tracking an animal’'s movement can
tellus many things—both about the lives of single individuals and about
whole populations [1].

This article will focus on the movements of fish, because harvesting of
fish around the world provides jobs and a source of food for millions
of people. If we want to continue to harvest and eat fish in the future,
fish populations must be managed sustainably. Sustainable fisheries
management benefits from knowledge about where fish live, what
they eat, how fast they grow, and what causes them to die.

To learn more about fish, scientists are interested in understanding
where individual fish go during their lives and what environments
they experience (to learn even more about how scientists study fish
movements, see this Frontiers for Young Minds article). Are the fish on
their way to meet a partner to reproduce? Where do they feed? Where
do they find shelter? How do environmental factors, such as water
temperature, affect their actions (see also this Frontiers for Young Mind
article)? In contrast to humans, fish can move in three dimensions,
so they can potentially use the whole water column from the water
surface to the sea bottom as their habitat. The water column consists
of several layers of water that vary in temperature, salinity, and oxygen
content, among other characteristics.

HOW CAN WE TRACK FISH?

Can we simply equip fish with small GPS sensors, so that we can
follow them in their environments? This is done for mammals living on
land, birds and whales—animals that live on land, in the air or regularly
need to come close to the water surface to breath. Unfortunately, GPS
technology does not work for tracking things underwater (Figure 1).
It is therefore not yet possible to track fish directly and continuously
in the sea. But scientists have come up with a clever alternative:
they have developed small electronic devices called data storage tags
(DSTs), which record the conditions of the environment the fish is
swimming in—like temperature, depth, and salinity. DSTs have been
used since the 1990s and the technology keeps advancing [2]. DSTs
can be attached to the fish or implanted in their body cavity with
a quick surgery (Figure 1). Further, an external tag with a telephone
number and a unique identification number is attached to the fish, so
fishers know who to contact when the fish is caught. Scientists record
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Figure 1

(A) The movement

of animals living on
land can be followed
using GPS collars. (B)
GPS signals are quickly
absorbed by water, so
this technology does
not work for fish. (C) As
an alternative, fish are
tagged (internally, in
this case) with DSTs
that record information
about the environment,
such as temperature
and depth. We used
DSTs that are 25.4 mm
long, with a diameter of
8.3 mm. Since the DSTs
are not visible from the
outside, external tags
are used so that fishers
recognize that they
should contact us and
send the fish back to us.

the time and location of the fish's release as well as the size of the fish.
Upon release, the fish resumes life in its natural environment.
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Figure 1

RECONSTRUCTING THE MOVEMENT OF FISH

When the fish is recaptured by fishers and returned to the scientists,
the information recorded in the DSTs can be downloaded. The
movements of the fish between release and recapture can then be
reconstructed by comparing the recorded measurements with the
conditions in the sea. Computer models, which are like 3-dimensional
maps of the ocean, provide details about ocean conditions such as the
temperature for each depth at each position. These computer models
are 3-dimensional because, as we mentioned, fish can swim up and
down in the water column.

Scientists can use the ocean data in the computer model to
reconstruct the most likely track a fish swam between release
and recapture. Areas with temperature and depth values similar to
the recorded measurements on the DST are assigned the highest
probability that the fish was at that position. For each day between
release and recapture, the most likely area the fish was in is identified
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SPAWNING
GROUND

Many fish species move
to specific areas in the
ocean to meet partners
and to reproduce. Fish
lay eggs, which is
termed “spawning” The
areas fish move to are
called spawning
grounds.

in this way. Depending on the species, fish can swim only a certain
distance each day. A shark, for example, can swim much further than
a clownfish. Positions too far away from the previous day’s location
can therefore be excluded. These calculations are done by a computer
that works with a complicated code written by the scientists. Even with
the right code, it takes the computer several hours to reconstruct the
track of a single fish that recorded data for one year.

WALLY—A LIFE OF FEEDING AND REPRODUCTION

We will now tell you about two DST-tagged fish—two cod that lived in
the Baltic Sea and whose stories we reconstructed. The first cod, Wally,
swam freely for over a year after tagging, and was finally recaptured
by a fisher. The fisher told us the location where Wally was caught
and sent it to us. We found out that Wally was a male cod and that he
grew less than 3cm during the year since being tagged and released
(from 32.8 to 35.7 cm), which is not much for a cod. Wally was released
by a tagging team on April 4th, 2017, close to the German island of
Rugen (Figure 2). Soon after release, he moved into deeper waters and
in May arrived at Bornholm Basin, the spawning ground where cod in
that area mate. Wally stayed in the spawning ground until the end of
August and, although the Bornholm Basin is around 100 m deep, he
stayed in the middle of the water column, at around 60-75m depth.
He then went closer to the island of Bornholm, likely to use the steep
slopes to search for food. If you look closely, you can see how he
swam up and down several meters on multiple days, which resulted
in large temperature variations (Figure 2). Before Wally was recaptured
on April 17th, 2018, he spent several months in the southern part of
the Arkona Basin. During this time herring, one of the favorite prey
of cod, move into the shallower lagoons of the island of Rugen to
spawn, and cod follow them. You can see that Wally was recaptured
only 15 km away from his release position. Without the DST recording
depth and temperature, we would not have known that Wally swam
1,255 km over that year—an average of 3.3 km per day.

WILMA—AN UNEXPECTED ENDING!

Another cod, Wilma, did not have a chance to move to the spawning
ground. Wilma was released when she was 38.5 cm long, on February
7th, 2018, close to the island of Rugen (Figure 3). Wilma was not
returned to us by a fisher, but instead by a scientist studying birds.
He found the DST in December 2018 in a cormorant colony [3].
Cormorants feed on fish but regurgitate (throw up) parts of their food
that cannot be digested. The DST-tagged cod was fully digested and
therefore we have no information about Wilma's size when she was
eaten. When we analyzed the DST data, we found that Wilma stayed in
shallower water than Wally did—she did not swim deeper than 38 m.
She most likely roamed the shallow, coastal areas for food. On May
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Figure 2

(A) Depths and (B)
temperatures
experienced by a cod
we named Wally,
released in April 2017
(green dots) and
recaptured in April
2018 (red dots). (C)
Wally's reconstructed
path between release
(green dot) and
recapture (red dot). The
black dots represent
Wally's daily positions.
The Bornholm Basin is
a known spawning
ground for cod, and the
Arkona Basin and
shallow coastal areas
around Rugen are
popular feeding
grounds.
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Figure 2

8th, 90 days after her release, Wilma moved from around 20 m deep
into very shallow water, where she was eaten by a cormorant. You can
see in the temperature profile that she was digested at the cormorant’s
body temperature of around 40°C. Since we do not know where Wilma
was lifted out of the water, we can only approximate the track between
release and recapture. The depth profile strongly suggests that Wilma
stayed within the southern Arkona Basin and regularly returned to the
shallow coast of the island of Rugen, where the cormorant colony
is located. This very special recapture helped us to learn about the
interaction between cod and cormorants.

SUMMARY

Tracking individual fish in the sea is challenging, but now you know
about a method using small electronic data loggers that can help
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Figure 3

(A) Depths and (B)
temperatures
experienced by a cod
we named Wilma,
released in February
2018 (green dots) and
eaten by a cormorant
in May 2018 (blue
arrows). (C) Release
position (green dot)
and position of the
cormorant colony
where the bird scientist
found the DST in
December 2018 (red
dot). We were unable
to reconstruct Wilma'’s
track due to a missing
recapture position but
we assume, based on
the depth data from the
DST, that Wilma stayed
within the area
indicated by the blue
circle.
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scientists learn more about the behavior of individual fish—specifically,
where they go and what environmental conditions they experience.
Monitoring the behavior of single fish helps us to detect patterns
of entire fish populations. This can enable us to harvest fish more
sustainably, by identifying ocean areas that need to be protected,
detecting how fish populations react to climate change, or by
discovering how fishing influences fish populations. These studies
will help us to make sure fish populations are still around for many
future generations.
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YOUNG REVIEWERS

EVA, AGE: 10

Eva loves to spend her free time drawing and creating colorful characters that come
to life on the page. She has a deep appreciation for all things kawaii and anime. One
of her greatest strengths is her kind and caring nature. She is always looking for ways
to help people and make a positive impact on the world around her.
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JOSI, AGE: 11

My name is Josi. | love to read and write stories. My favorite animals are pigs because
they are really cute. Pink is my favorite color. Science is one of my favorite subjects,
and | like to complete projects every year for the science fair.

KRISTEN, AGE: 8
| am a very happy girl, that really enjoys reading and swimming and practicing
taekwondo. | am friendly and like to be with my family.
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