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When you look at San Francisco Bay, what animals do you see? You
may see lots of fish, birds, harbor seals, and sea lions. What you
n ISABEL do not see is a little clam (Potamocorbula amurensis) that changed
": AGE: 11 the Bay. Many years ago, ships accidentally brought this clam into
the Bay from Asia. Soon, they spread out all over in large numbers.
@ MARGARIDA Clams pump water through their gills and eat small particles of
AGE:13 food that are in the water, like phytoplankton (microscopic aquatic
B | MaAvA plants) and other microscopic critters. Potamocorbula can pump
zr AGE: 10 water faster than other clams, and they can eat more than their share
of phytoplankton. Sometimes, Potamocorbula eats phytoplankton
faster than phytoplankton can grow! What problems does that cause
for other animals that also eat phytoplankton? Does Potamocorbula’s
invasion only have negative impacts? In this article, we dive to the

bottom of the Bay to find some answers.
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Habitats where fresh
water from rivers mixes
with salty water from
the ocean. Estuaries
contain both fresh and
salty water places
where many plants and
animals can live

and grow.

Species introduced to
an area that survive,
reproduce, and spread,
causing problems in
the new area.

Water carried by boats
for balance that can be
emptied and refilled
while moving or
stationary. Animals can
be moved and released
in new habitats when in
the expelled water.

The amount of salt in a
body of water.

Initial spread and
distribution of Potamo
in San Francisco Bay,
from 1986 to 1987.
When it was introduced
in 1986, there were
only a few Potamo
found in the area. Just
6 months later, there
were clams all over the
northern end of San
Francisco Bay! One
year after they were
first introduced, there
were thousands of
Potamo in the Bay, and
they are still there
today.
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San Francisco Bay is an estuary that is home to many different species.
If you look around the Bay, you may find fish, birds, harbor seals,
and even sea lions. What you cannot see are the worms, crabs, and
clams that live on the bottom of the Bay. Potamocorbula amurensis, as
scientists callit, is a species of clam that can be found across the world.
We nicknamed this clam Potamo. As an invasive species, Potamo
came from somewhere else and changed their new home. In 1986,
ships accidentally brought Potamo into the San Francisco Bay from
Asia in their ballast water [1]. Soon after they arrived, Potamo liked
their new home so much that they spread rapidly. Eventually, there
were over 10,000 clams per square meter, which is the same as having
2,800 clams spread out on top of your school desk [1] (Figure 1)! But
how could Potamo spread so much, and how did their invasion change
San Francisco Bay?

There are four factors that allowed Potamo to spread out and be
successful in the Bay. First, Potamo tolerate many different levels of
salt in the water, known as salinity, and that allows them to survive
when salinity changes in the bay [1, 2]. Second, Potamo survive in
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Figure 2

A clam brings water in
through its siphon
(white arrow) and filters
the water through its
gills to remove food
particles such as
phytoplankton that are
suspended in the water.
The clam then expels
the water back out
through the other part
of its siphon (black
arrow).

SEDIMENT

The material that
settles to the bottom of
a body of water, like
mud, sand, and silt.

FILTER-FEEDING

A method of eating that
separates suspended
food particles from
water by passing the
water through a
filtering structure, like
gills. Some animals that
filter-feed are clams,
whales, and fish.

PHYTOPLANKTON

Tiny, drifting plants that
live in the water and get
energy from the sun
and nutrients from the
water. Phytoplankton
are eaten by
zooplankton, clams,
fish, and whales.
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different types of sediment, or material that make up the bottom of
the Bay, such as mud and sand. This makes Potamo even better at
living in many parts of the bay because they can get comfortable no
matter what sediment they live in [1, 2]. Third, the clams live in both
deep and shallow parts of the Bay [1, 2]. Fourth, Potamo survive in the
cold winter and the hot summer water temperatures [1]. Their ability
to survive in all these different conditions allowed Potamo to spread
out all over San Francisco Bay.

Like other clams, Potamo eat using a process called filter-feeding.
Unlike humans, clams do not have heads, so they do not eat like
we do. Instead, they have gills like fish and tubes called siphons that
they use to eat and breathe. Clams can extend their siphons out
of their shells like a straw to suck water. The gills act as a screen
that traps the food particles that are in the water, allowing clams to
filter and expel the water and keep the food. From the gills, the food
particles move toward the mouth where they are eaten and digested
(2] (Figure 2).

Potamo filter water very quickly, which means they can eat a lot of food
in a short period of time [3]. For example, 300 clams in a square meter,
or 30 clams in a square foot, can filter 3,785 liters of waterin 1 day. That
is enough water to fill over 23 bathtubs [4]! Potamo are also not picky
eaters and can eat different organisms, such as phytoplankton and
bacteria [1]. This means that they always have something to eat.
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Figure 3

(A) Before Potamo
arrived in San Francisco
Bay, phytoplankton
supported large fish
populations. The black
arrows show what eats
what in the food web.
(B) After the invasion of
Potamo, less
phytoplankton was
available for other
species to eat, which
changed the food web.
The red arrow indicates
that Potamo eat more
phytoplankton than the
other species in the
diagram (The images
used in the figure are
courtesy of Tracey
Saxby, Dieter Tracey,
Kim Kraeer, Lucy Van
Essen-Fishman, and
Jane Thomas from the
Integration and
Application Network,
University of Maryland
Center for
Environmental Science

(ian.umces.edu/symbols/),

and Kamil Sulima from
svg-clipart.com for the
scaup).
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|A) Food web before Potamo invaded| |B) Food web after Potamo invaded |
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Figure 3

Potamo occupy the same territory as other animals, and they have
several different ways to compete with unwanted neighbors. They
burrow near the sediment surface, sometimes leaving one-half to
two-thirds of their shells above the sediment. By sticking out of
the sediment, Potamo do not leave much surface space for other
animals to settle. The clams can also live very close together,
which makes it hard for other animals to find enough space to
settle next to them. Potamo’s large numbers, shallow burrowing,
and efficient filter-feeding limit space and food for potential
neighbors. When combined with Potamo'’s ability to tolerate many
different environmental conditions, they can outcompete many other
species [1].

PHYTOPLANKTON AND THE VERY HUNGRY CLAM

One of things that Potamo like to eat is phytoplankton. Phytoplankton
are an important part of the food web, and many other creatures
rely on them. Before Potamo invaded the Bay, the amount of
phytoplankton changed seasonally; their numbers were low during
winter and spring and “bloomed” during summer and fall. After Potamo
arrived and spread out, phytoplankton numbers remained low during
summer and fall when they normally peaked [3]. Since Potamo’s
arrival, phytoplankton has consistently decreased. Potamo can eat
phytoplankton faster than phytoplankton can grow, which can limit
phytoplankton from blooming [4] (Figure 3).
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ZOOPLANKTON

Tiny aquatic animals
that eat bacteria,
phytoplankton, and
other zooplankton.
They are eaten by
clams, shrimp, krill,
and fish.
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Luckily, Potamo cannot wipe out all the phytoplankton, due to the
depth and flow of the water. In shallow water, Potamo pump all
the water above them and quickly eat the available phytoplankton.
However, in deep water, Potamo can only filter the water near the
bottom, so the phytoplankton near the surface are safe. The flow
of water can also move phytoplankton away from the clams before
Potamo have time to filter the water, so the phytoplankton can escape
being eaten [3].

Freshwater from rivers and rain mix with salty ocean water to
change the estuary’s salinity, and animals respond to these changes.
Phytoplankton move with the water, so they are exposed to changes
in salinity as tides push the water back and forth between the ocean
and Bay. Clam populations also move with salinity, but in a different
way over a much longer time. Baby clams float in the water and settle
in new places as they are pushed around by the tides, much like
seeds floating in a gentle breeze. However, like trees that put down
roots, individual clams cannot leave once they settle on the bottom.
Therefore, Potamo cannot chase phytoplankton, but must wait for
phytoplankton to come to them [4].

Phytoplankton are at the base of the food web, which means they
are a food source for animals like clams and fish. The clams and fish
are then eaten by other animals, like larger fish and crabs, which can
then be eaten by bigger animals, like ducks, sharks, and sea lions.
When there are not enough phytoplankton, the entire food web is
affected. Zooplankton are small organisms that live in the water that
can eat phytoplankton. Since Potamo moved in and started eating
so much phytoplankton, the number of zooplankton has decreased,
and zooplankton predators (like shrimp and anchovies) have less to
eat and have also decreased since Potamo have invaded the Bay [4]
(Figure 3).

IS POTAMO BAD NEWS FOR EVERYONE?

Potamo’s invasion is not only negative! The large numbers of Potamo
have made more food available for bottom feeders such as diving
ducks, sturgeon, and crabs [1, 4]. One of the species that benefits
from Potamo is the lesser scaup, a bottom-feeding migratory bird that
spends winters in the Bay [5]. Before Potamo, the lesser scaup fed on
a native clam, called Macoma balthica (nicknamed Macoma).

Let us take look at the details of clams as prey. The amount of energy
scaups get from clams depends on many factors: how nutritious the
clam s, how easily it is digested, how deep the clam is buried, and how
many clams a scaup eats during one dive. The best food source gives
scaups the most energy—more energy than they use to catch, digest,
and crush the clams [5]. Potamo have higher nitrogen and fat content,
and three times the energy available than Macoma. Potamo’s shells are
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thicker and harder to crush than Macoma'’s, yet Potamo are the better
food source. Scaups spend more energy digesting Potamo's shells, but
they get more energy back from eating Potamo than Macoma [5].

Potamo are more available than Macoma, and scaups can capture
more clams during a single dive by eating Potamo. Diving takes a lot
of energy for a bird—they must hold their breath and push against
the water pressure to get to the bottom. Therefore, they want to
capture as many clams as possible per dive. Scaups eat clams buried
<5 centimeters (about 2 inches) deep. Most Potamo live within this
range, while only half of Macoma live at these same shallow depths
[5]. So, overall, Potamo are a better food source for the lesser scaup
than Macoma are.

POTAMO: MAYBE GOOD, MAYBE BAD, AND DEFINITELY
HERE TO STAY

While San Francisco Bay is not Potamo’s original home, they show
no signs of leaving. Humans do not eat these clams, so we must
depend on their predators to control the clam populations. As we have
explained, Potamo have both helped and harmed its new home. Food
webs can be messy, and relationships between species can become
complicated as new species are introduced, as with Potamo. While
the future of San Francisco Bay species and Potamo’s dominant status
in the Bay remain unknown, one thing is certain: nature is always
changing and evolving.
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