EARTH
SCIENCE
JOURNAL
for
S
TEEN

June 2016

How Do Fish Like Their Water?

Authors: Alicia S. Miller, Gary R. Shepherd, Paula S. Fratantoni
Associate Editor: Sasha Harris-Lovett

Abstract
Fishermen on the east coast of the United
States depend on catching black sea bass in
the Atlantic Ocean, but first they have to find
them! We set out to understand why these
fish migrate with changes in the seasons and
where they hang out at different times of year.
Do the conditions in the ocean, like how cold
or salty it is, determine where the fish go?
Do the younger fish and adult fish go to the
same places?
To answer these questions, we sent research
boats out to catch black sea bass and measure
water temperature and salt levels in different
parts of the ocean off the eastern coast of
North America. This information can help us
understand what environmental conditions
lead to young black sea bass survival, and
estimate how many of these fish are in the
ocean each year.

Black sea bass.

Introduction
Off the eastern coast of North America, a unique
ocean ecosystem called the Mid-Atlantic Bight
supports many species of fish, including the black
sea bass, which is many fishermen’s favorite catch.
The sea bass is known for its mild and delicate flavor.
Fishermen and scientists knew before that black
sea bass in the Mid-Atlantic Bight migrate with the
seasons. In the warmer months, black sea bass lay
eggs and live near the coast.
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(Fun fact: after laying eggs, some of the larger
females switch sex and become males!) In the
winter, they swim out into deeper water. But from
the surface, it’s hard to tell exactly where these fish
hang out in the colder months.
We wanted to see if black sea bass preferred
certain environmental conditions in the ocean
(like water of a certain temperature or salinity)
and figure out if they survive the winter better in
those preferred conditions. Relating black sea bass
survival in the winter to environmental conditions
would let us better estimate how many black sea
bass are in the ocean so that fisheries managers
can set fair catch limits.
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Methods
Twice a year, the Northeast Fisheries Science Center
sends out a research ship to survey fish and ocean
conditions between North Carolina and Maine, which
includes the Mid-Atlantic Bight (Fig 1). In different
regions at different ocean depths, the ship stops
at randomly selected locations (called stations) for
scientists to sample the conditions below.
At each station, they drop sensors into the water that
measure the ocean’s temperature and salinity, among
other things. They also release a large net into the water
and drag it behind the boat (a method called “trawling”)
to examine the species composition under water, which
is the amount and variety of living creatures that make
up the ecological community. They identify each fish,
determine its sex, and collect samples to find out how old
the fish are (by counting marks that develop each year
on fish scales or on a bone in the fish’s head, kind of like
counting tree rings).
Using these data from 1,817 locations over eighteen years
and some cool math equations, we analyzed whether
changes in water temperature and salinity could predict
where adult and young black sea bass were found.
We also checked if the fish’s preferences for water
temperature and salinity were the same in the northern
and southern sections of the Mid-Atlantic Bight.
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Fig 1. In the Mid-Atlantic Bight waters on the broad,
shallow continental shelf are generally quite cold and
less salty, fed by frigid ocean currents originating far
to the north. Immediately offshore, where the ocean
bottom drops away steeply, waters are much warmer
and saltier under the influence of a large ocean
current called the Gulf Stream.
Fresher waters are found inshore of salty waters
year round, while the temperature of the shelf waters
warm and cool with the seasons. During the winter the
inshore (shelf) waters are quite cold, causing many
fish species to migrate to deeper waters offshore.

Northeast Fisheries Science Center’s research ship
which was used in this research.
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Results Graph: Salinity
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Northeast Fisheries Science Center’s researchers are
emptying the nets.
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At some survey locations the trawl net didn’t
catch any black sea bass, while in other places it
caught more than 100 of them (Fig 2 & 3).
We found that every year, many black sea bass
tend to stay in parts of the ocean that are warm
enough to keep them from getting too chilly in
the winter (above 8 degrees Celsius) and have a
very specific salinity level – 34 Practical Salinity
Units (PSU). This was especially true for the adult
fish, while the younger ones tended to be more
spread out.
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Results Graph: Temperature
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We also found that if the young fish find the
warmer, salty water it increases their odds of
surviving the winter. Black sea bass were more
common in the southern area of the Mid-Atlantic
Bight than the northern area, but this is gradually
changing over time as the adults have been more
and more commonly found in the north.
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Fig 2 & 3. Number of adult black sea bass caught at
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each location in 2012 are shown by different sized
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circles. An ‘x’ means no adult black sea bass were
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caught at that site.
Black lines show where the salinity measures 34 PSU,
the black sea bass’s preferred salinity (Fig 2) while
white lines show where water temperatures measures
8 degrees Celsius, above which is their preferred
temperature (Fig 3).
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Discussion
Cold winters in the Mid-Atlantic Bight are a tough
time of year for fish that prefer warmer water.
Results from our analysis helped us determine the
water temperature and salinity that black sea bass
seem to prefer – above 8 degrees Celsius and around
34 PSU. It also appears that how well they survive
the winter depends on finding this preferred habitat
in the ocean.
Is it just the water conditions that make it best for
black sea bass? Likely not. Black sea bass may also
be following their prey to the place on the seafloor
where the continental shelf drops away, known as
the “shelf break”, or to the steeply inclined part of
the sea floor where the continental shelf descends
into the deep ocean, called the “continental slope”.

Conclusion

Near the shelf break, colder, fresher shelf water
meets warmer, saltier slope water offshore, forming
an important transitional zone called the “shelfslope front”. Migrating black sea bass may use the
sharp changes in temperature and salinity near the
shelf break as a signal to stop and hang out for the
winter. And they’re not alone – we think that the
shelf-slope front may be a sweet spot for many fish
species in the winter (Fig 4).
As a next step, we’d like to survey the shelf-slope
front more in the winter to see exactly what’s going
on there. What other species hang out there in the
winter? Who is eating whom? What does the food
web look like? How old are most of the fish that live
out there?

Ocean Currents

Fig
4

Though we often think of animals on
land as having preferences about their
habitat (for example, whether they like
to live in the cold mountains, warm
desert or tropical rain forests), it’s only
recently that scientists have started to
use information about environmental
conditions in the ocean (like temperature
and salinity) to make better estimates of
exactly how many fish live there.
Especially as climate change affects the
ocean, information about fish habitat
preferences can help us predict how
many fish can survive in future conditions
and where they will live. Also, more
accurate estimates of how many fish
there are can ensure we don’t catch them
faster than they can reproduce.

Fig 4. The shelf break is an important transition region. The further
away from the shore we go, the water gets not only deeper but also
changes its properties (like temperature and saltiness). The area
where cooler, fresher water on the continental shelf meets warmer,
saltier water over the continental slope is called an ocean front.
As a result of the contrasting water masses, a narrow, swift ocean
current forms along the shelf break toward the southwest.
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Glossary of Key Terms
• Catch limits
Rules to govern how many fish of a certain species
and size fishermen can legally catch each year.
• Fisheries
The people, equipment, and organizations involved in
catching fish for food, fun, or profit.
• Habitat
The place, or type of place, where a living creature
lives or hangs out.
• Mid-Atlantic Bight
A region of the Atlantic Ocean off the eastern
coast of North America, bounded in the north by
Massachusetts and in the south by North Carolina.
• Migration
A seasonal movement of an entire population of
animals from one place to another.
• Ocean current
The continuous movement of ocean water in a
particular direction, which can be caused by wind,
temperature differences, or the rotation of the Earth.
• PSU (Practical Salinity Unit)
A unit measuring the salt levels in water, based on
how much electricity can travel through it.

• Salinity
The amount of salt dissolved in water; how salty
water is.
• Shelf break
The location where the relatively shallow continental
shelf gives way to steeply sloping ocean floor.
• Species composition
The amount and variety of living things that make
up an ecological community.
• Continental Slope
Steeply sloping ocean floor extending from the
shelf break to the bottom of the deep ocean.
• Shelf-slope front
The region in the ocean where the colder, fresher
water on the continental shelf meets the warmer,
saltier water over the continental slope. This ocean
front is usually located near the shelf break, though
its exact location can vary from year to year.
• Trawling
Catching fish using a large net called a “trawl net”,
which is towed along the bottom of the ocean pulled
by a ship. As the ship moves, the net sweeps up
many of the fish as well as other things in its path.
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Bottom trawling net. Image: Wikipedia
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Check For Understanding
1. The Northeast Fisheries Science Center survey boat drags a trawl net to measure fish at random
locations of different depths in the Mid-Atlantic Bight. Why do you think they survey random locations
instead of the same places each year?

2. Why do fisheries managers need to have accurate estimates of how many fish of a given species are in
the ocean?

3. What were the temperature and salinity preferences of black sea bass during their winter migration?
Why do you think they had the temperature preference that they did?

4. Why do black sea bass migrate in the winter?
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