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Anchovies, salmon, sardines, gobies, mullets, flounder, bass, barbels,

eels, shad, and even sharks—what do they have in common? Well,

at certain points in their lives you may find them in estuaries, the

final sections of rivers before they meet the ocean. Some fish live in

estuaries their entire lives. However, some fish species prefer living in

the freshwater parts of estuaries, others only live close to the ocean,

and a few others spread throughout the estuary. Some species prefer

living close to the bottom, some in marshes, and some constantly

swim around in the estuary. Some prefer eating other fish, while other

species likeworms, or insects, ormicroscopic animals. Unfortunately,

many estuarine species are in danger, and all because of humans.

In this article, we will tell you why estuaries are such special places

for fish and describe some of the species that call the San Francisco

Estuary their home.

FISH SUPERPOWERS

Have you noticed that fish can be found almost everywhere that you
can find water? There are fish living in the deepest part of the ocean,
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the Mariana Trench in the Pacific Ocean, at 10,994m deep. Fish living
there, like the Mariana snailfish, have the superpower of resisting the
freezing temperature and crushing pressure of 11 km of water on top
of them. They also live their lives in total darkness [1].

In the African savannah, you can find the incredible turquoise killifish
living in small, shallow pools that form when it rains. Rainwater
awakens the eggs that were kept protected in the soil since the
previous rainy season. Once awake, the eggs hatch. Their superpower
allows the turquoise killifish to hatch from their eggs only when the
environmental conditions are perfect [2].

Fish also have a superpower called osmoregulation [3]. Like humans,OSMOREGULATION

The ability to regulate
and maintain the right
amount of water,
nutrients, and salts
inside cells.

fish need to keep the right amount of water, salts, and nutrients in
their cells. Without this superpower, fish living in the ocean would
lose water from their cells and die, because the ocean has much
more salt than fish tissues do. Fish living in rivers, called freshwater
fish, have the opposite problem. Without osmoregulation, too much
water would enter their cells and cause the cells to burst. Usually, fish
that live in freshwater cannot use osmoregulation in the ocean, and
the other way around. Yet, a few fish species can live in ecosystems
where the salinity—the amount of salt in the water—is constantly
changing. This is what happens in estuaries. Here, fish species push
their osmoregulation superpower to the limit!

TIDES STIR THE SALT IN ESTUARIES

Estuaries are the final sections of rivers before they meet the ocean.
Here, the water is brackish, which means that it is not as salty as the
ocean, nor as fresh as in rivers. Salinity varies a lot in estuaries because
tides mix the water from rivers with water from the ocean [4]. In mostTIDES

Tides exist because the
moon acts as a magnet
causing the rise and fall
movement of water in
estuaries, coastal
lagoons, and along the
ocean shores.

estuaries, the water is saltier as you get closer to the ocean. During low
tide, salinity is at its minimum in the estuary because the water coming

HIGH TIDE/LOW

TIDE

The high tide occurs
when one side of the
Earth is the closest or
furthest away from the
moon. The low tide
occurs when that side
of the planet is in
between those points.

from rivers pushes estuary water out to the ocean. During high tide,
salinity is at its maximum because salty ocean water enters the estuary
(Figure 1). Salinity in estuaries may also vary a lot due to weather. If it
rains or snows a lot in one season or during a certain year, the estuary
will become less salty than usual. But if it does not rain or snow as
much as normal, the estuary will become saltier.

Fish living in estuaries must adapt to the constant changes in salinity.
Living in estuaries is di�cult for fish! Only those species that push their
osmoregulation superpower to the limit can live in estuaries. Yet, for
these fish, estuaries are a happy place to live [5]!

ESTUARIES: NURSERIES FOR FISH

Most estuaries around the world are unhealthy because they
are surrounded by cities, factories, and harbors. Worldwide, 2.4
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Figure 1

Figure 1

Estuaries during high
tide and low tide.
During high tide, ocean
water enters the
estuary, increasing the
salinity and water
depth. During low tide,
the ocean retreats and
fresh water from rivers
is pulled downstream,
decreasing salinity and
water depth (Image
credit: IAN Symbol
Libraries; https://ian.um
ces.edu/symbols).

billion people live within 100 km of the ocean, very close to
estuaries. However, healthy estuaries can be wonderful places for fish
to live.

Estuaries are the perfect nursery for many fish species [6]. Estuaries

NURSERY

Ecosystem that
provides increased
protection and food for
the development of
most young fish in
a population.

allow young fish to grow strong and healthy because food is abundant
and diverse. The greenish or brownish color of the water makes
it di�cult for predators to see young fish. In an estuary’s streams
and marshes, young fish can also find excellent hideouts from bigMARSH

Shallow aquatic habitat
that surrounds
estuaries and coastal
lagoons. It has
vegetation that is
adapted to salty water.
In tropical regions,
mangroves are the
equivalent habitat
to marshes.

predators and refuge from strong currents.

Conditions in estuaries can be so good that fish migrate from the
ocean into the estuaries and nearby rivers to reproduce, like the
Pacific lamprey in the San Francisco Estuary. Then, larvae and juveniles
will grow up there before migrating to the ocean [7]. This species
belongs to a group ofmigratory fish called anadromous fish [7]. Other

MIGRATORY FISH

Fishes that need to
move between
di�erent habitats during
specific phases of their
life to reproduce, feed,
grow, and/or find
refuge from predators.

migratory fish have a di�erent strategy, like the American eel. This
speciesmigrates to estuaries when they are larvae or juveniles because
they can grow faster and stronger than they could in the ocean [7].
They migrate back to the ocean once it is time to reproduce. The
American eel was introduced into the San Francisco Estuary but failed
to establish a population. This species belongs to a group of migratory
fish called catadromous fish.

Other species even live their entire lives in estuaries, so they are
called estuarine residents. This is the case of the tule perch in the San

kids.frontiersin.org October 2021 | Volume 09 | Article 613862 | 3

https://ian.umces.edu/symbols
https://kids.frontiersin.org/
https://kids.frontiersin.org/article/10.3389/frym.2021.613862
https://kids.frontiersin.org/article/10.3389/frym.2021.613862
https://kids.frontiersin.org/article/10.3389/frym.2021.613862


Morais and Dias Estuaries and Fish

Figure 2

Figure 2

Examples of fish
species that live in the
San Francisco Estuary
and adjacent
ecosystems. The
American eel is an
exception because,
after being introduced,
it failed to establish a
population in the
Estuary (Photo credits:
BioDiversity4All.org).

Francisco Estuary [8]. Other species may sometimes use estuaries as
nurseries, like the leopard shark [9]. This species is called estuarine
facultative [5]. Pictures of various fish species that live in the San
Francisco Estuary can be seen in Figure 2.
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WHY DO FISH AVOID THEIR NEIGHBORS?

Although it seems there is plenty of space and food in estuaries, along
with secret hideouts where fish can hide from predators, each species
avoids eating the same kinds of food as other species, and species also
avoid living in the same place at the same time [5]. These behaviors are
a brilliant strategy to decrease competition, particularly when food or
space becomes scarce.

Scientists can determine how much competition exists between
species by studying their ecological niche, which is the fancyECOLOGICAL NICHE

Conditions that exist in
an ecosystem that
allow a species to live.
Usually, temperature,
salinity, depth, or food
preferences are used to
describe the ecological
niche of fish.

expression for the types of conditions that a species likes [10]. The
ecological niche of a fish includes the water temperature, salinity, or
types of sediment it prefers, like sand or mud. The ecological niche
may also include the food a species likes. In the San Francisco Estuary,
you can find fish that always live in the rivers or the upper part of the
Estuary where the water is not salty, such as the Sacramento blackfish.
There are also fish that can live either in freshwater or in the brackish
part of the Estuary, like the prickly sculpin. Other species only live in
the brackish part of the Estuary, like the cabezon. So, you can deduce
that Sacramento blackfish and cabezon will never compete for food
or space because they never live in the same place. This means that
their ecological niche is completely di�erent.

But when species do live in the same place, their ecological niche
may overlap. However, fish can still avoid competition. They might
eat di�erent foods or live at di�erent depths. For example, there are
benthic species that lay on the bottom most of their lives, pelagic
species that are always swimming, and demersal species that live
in both places. So, let us examine three species—Northern anchovy,
starry flounder, and white croaker—that live in the brackish part of the
San Francisco Estuary to see how much competition exists between
them (Figure 3). The starry flounder is a benthic species as juveniles and
adults, that eats worms, small crabs, and small clams. The Northern
anchovy is a pelagic species that only eats zooplankton. So, theZOOPLANKTON

Tiny animals that live in
the water. Some
resemble miniature
shrimp, crabs, or snails,
and you need a
magnifying lens to see
them properly.

competition between starry flounder and Northern anchovy is very
low. On the other hand, the white croaker is a demersal species. It
spends time swimming around and going down to the bottom to eat
clams, crabs, shrimp, or worms. So, the ecological niche of the white
croaker and Northern anchovy do not overlap much because they
spend only a little time in similar places. However, the competition
between starry flounder and white croaker is greater because they like
eating similar things that live near the bottom.

PROTECTING FISH IN ESTUARIES AND ELSEWHERE

Fish living in the San Francisco Estuary have seen better days [11].
Some species are in danger of extinction. This is the case of the delta
smelt, which live their entire lives in the Estuary and other nearby
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Figure 3

Figure 3

Ecological niche
overlap between three
fish species that live in
the San Francisco
Estuary. Here, we
determined
competition between
fish species by
analyzing (A) habitat
preference and (B) food
preference.
Competition between
starry flounder and
Northern anchovy is
low because they live in
di�erent areas and do
not eat the same foods.
There is only a little
competition between
Northern anchovy and
white croaker, because
they share space but
not prey. The
competition between
white croaker and
starry flounder can be
greater because they
eat the same prey
(Image credit: IAN
Symbol Libraries;
https://
ian.umces.edu/symbols).

ecosystems, or of the winter-run Chinook salmon, which only spend a
fewweeks in the Estuary at themost. These species are in danger from
water pollution, overfishing, invasive species, destruction of marshes
and shorelines, dams, and climate change—the same reasons that
many fish species all over the world are in danger.

Protecting fish and other wildlife may seem, at times, a lost cause.
But people are becoming more mindful of the environment. More
and more people avoid wasting good water in their homes. Others
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work to establish agricultural practices that do not use pesticides
or fertilizers that can harm the environment. Other people choose
to use clean, renewable energy in their homes, and some deliver
dangerous chemicals to recycling centers instead of pouring them
down the drain.

If you want to protect fish and other wildlife, you can start by sharing
this article with your family, friends, and teachers. Make a list of your
ideas about how to protect the animals and plants from your region.
Find people with the same goals. Write or talk with the mayor of
your city or village. Let everyone know that a healthy environment is
important for all living creatures on the planet and that we need to
protect them before it is too late.
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