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Phytoplankton are probably the most important aquatic organisms

that you haveNEVER seen! Phytoplankton are nearly invisible and use

sunlight, carbon dioxide, and nutrients in water to produce sugars

that power the estuary food web. The amount of phytoplankton

growth is important because phytoplankton are the food for aquatic

animals like zooplankton and fish. Scientists working in the San

Francisco Estuary are concerned because phytoplankton growth is

low, and someanimals are starved for food.Measuring phytoplankton

growth is hard because growth is low and the conditions in the water

that control growth change quickly. As a result, scientists created

a mathematical equation, called a model, that brings together the

number of phytoplankton available to grow, the amount of sunlight,

and the muddiness of the water to estimate phytoplankton growth

each day. This way, scientists can determine where and when food is

available to power life in the San Francisco Estuary.
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WHY ARE PHYTOPLANKTON IMPORTANT TO

ESTUARIES?

Phytoplankton (also called algae) are probably the most important
aquatic organisms that you have NEVER seen! That is because most
phytoplankton are so small you cannot see them with your eyes. You
would need to line up between 5 and 100 phytoplankton to equal the
width of a human hair! Phytoplankton are plant-like (phyto) organisms
that float (plankton) in the water. They are important because they are
like tiny sugar-making factories that use raw materials around them
to make food for animals in the estuary. The process they use to

ESTUARY

A place where the river
meets the ocean water
as it moves inland
along rivers due to the
tide. Tides are the daily
rise and fall of ocean
water due to the
attraction of the moon
and sun. make this food is called photosynthesis. Photosynthesis uses carbon

PHOTOSYNTHESIS

A process used by
plants, algae, and some
bacteria, which uses
the Sun’s energy and
carbon dioxide gas
from the air to make
sugars they can use
for growth.

dioxide gas and nutrients, alongwith sunlight, tomake sugary food that
powers all the animal life found in the San Francisco Estuary.

Phytoplankton havemany beautiful shapes and have amazing features
that help them live in an estuary. They can look like a necklace,
crescent moon, or even stars. Diatoms have a hard outer “shell” made
from silica, the same material as glass (Figures 1A,C,D). Their glass
shells make them strong enough to withstand the action of wind and
waves. Diatoms make an oil to help these heavy shells float. Because
oil is lighter than water and does not mix with water, diatoms float
rather than sink. Other phytoplankton called green algae are the most
plant-like (Figures 1B,E,F). They are often round balls or string-like,
and they are bright green due to an abundance of a pigment called
chlorophyll-a that absorbs sunlight. All the plants on earth today

CHLOROPHYLL-A

A green pigment in
plants and
phytoplankton that
captures the energy of
the Sun
for photosynthesis.

developed from green algae. Cyanobacteria are a type of bacteria
that contain a greenish-blue pigment called cyan (Figures 1G,H). Like
phytoplankton, they also use photosynthesis to produce sugars for
the food web. Cyanobacteria were the first organisms on Earth to use
photosynthesis, more than 3 billion years ago! Dinoflagellates come in
many shapes, are often yellow or reddish in color, and are sometimes
encased in a plate-like armor (Figure 1I). Two whip-like tails allow
dinoflagellates to swim rapidly in many directions. Although many
dinoflagellates use photosynthesis to produce sugars, they can also
eat other small plankton.

Phytoplankton grow well in estuaries where water is trapped within
warm, shallow areas and sunlight, carbon dioxide, and other nutrients
needed for growth are plentiful. Phytoplankton nourish many animals
in the estuarine food web, including fish. In fact, estuaries are often
referred to as “nurseries” for young fish because of the abundant food
available for their growth. Some phytoplankton are more nutritious
than others, so fishery scientists and people who fish want to
understand how to growmore of the nutritious phytoplankton, so they
can grow more fish.

Scientists are worried about phytoplankton in the San Francisco
Estuary because, compared to many other estuaries, phytoplankton
do not grow well there [1]. One major reason for low phytoplankton
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Figure 1

Figure 1

Examples of estuarine
phytoplankton,
including diatoms
(A,C,D), green algae
(B,E,F),
cyanobacteria (G,H),
and dinoflagellates (I):
(A) Odontella sp., (B)
Closterium sp., (C)
Coscinodiscus sp., (D)
Asterionella sp., (E)
Pediastrum boryanum,
(F) Spirogyra maxima,
(G) Anabaena sp., (H)
Prochlorococcus, (I)
Ceratium furca. Scale
bars are microns (µm).
One micrometer equals
one millionth of a
meter [Image credits:
All images except for
(E) were provided by
the California
Department of Water
Resources (T. Brown).
Image (E) was
produced by E. Barry
H.F. Luke Thompson
from Chisholm Lab and
Nikki Watson from
Whitehead, MIT, CC0
and obtained from
Wikimedia Commons
Rosen, Public domain,
via Wikimedia
Commons].

growth is that the Estuary has very muddy water, which blocks
the sunlight needed for photosynthesis. Phytoplankton growth in
the Estuary is barely fast enough to keep up with the number of
phytoplankton being eaten by animals, and some animals in the
estuary appear to be starved for food. This may help to explain why
some Estuary fish are near extinction [2, 3].

PHYTOPLANKTONGROWTH IS HARD TOMEASURE!

It is di�cult to measure the growth of phytoplankton in the Estuary
because they are so small. Instead, scientists estimate growth by
measuring the conditions that help phytoplankton to grow. These
conditions include the number of phytoplankton available to grow,
the amount of sunlight in the sky, and how clear the water is. But
each of these conditions changes throughout the day, the season,
and the year! To solve this problem, scientists use a mathematical
equation, called a model, to describe and explain what happens to

MODEL

A way of using math to
describe processes in
nature as simply
as possible.

phytoplankton even in changing conditions [4, 5] (Figure 2). Themodel
predicts that there will be high phytoplankton growth on days when
there are many phytoplankton around to grow, when the sun is bright,
and when the water is clear and not muddy. If any of these conditions
are less than ideal, phytoplankton growth will be decreased. Using the
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Figure 2

Figure 2

Scientists use a
mathematical model to
predict phytoplankton
growth. The number of
phytoplankton available
to grow is estimated by
the concentration of
chlorophyll-a,
measured a using
fluorometer. Sunlight is
measured using
radiometer and the
clearness of the water
by turbidity meter. This
model predicts that
phytoplankton growth
will be high when the
number of
phytoplankton available
to grow is high, the
amount of sunlight in
the sky is high, and the
clearness of the water
is high.

model, scientists can estimate phytoplankton growth in the estuary
without ever touching the water!

MEASURING PHYTOPLANKTON

Because phytoplankton are so tiny, it can be very di�cult to count
them. Instead, scientists estimate the number of phytoplankton by
measuring the concentration of the green pigment, chlorophyll-a,
that all phytoplankton use to absorb the sunlight needed for
photosynthesis. An instrument called a fluorometer is used to

FLUOROMETER

A scientific instrument
used to measure the
amount of light
produced from
a material.

continuously measure the concentration of chlorophyll-a in the
waters of the San Francisco Estuary. There is more chlorophyll-a
during the warm summer months when sunlight is high (Figure 3A).
The amount of chlorophyll-a present each day also depends on how
many phytoplankton were eaten by animals, such as zooplankton and
clams during the previous day.

MEASURING SUNLIGHT

The amount of sunlight in the sky changes depending onwhere we are
on the Earth. Near the Earth’s equator, sunlight is strong year-round. In
contrast, near the Earth’s poles, the sunlight is relatively weak. Because
the San Francisco Estuary is located between the equator and the
North Pole, it receives an intermediate amount of sunlight that is
greatest in June and July (Figure 3B). The amount of sunlight hitting the
water varies each day, depending on how cloudy or clear the sky is and
on the amount of fog that enters the Estuary from the nearby ocean.
Instruments called radiometers are used to measure the amount ofRADIOMETER

A scientific instrument
used to measure the
amount of energy from
the Sun.

sunlight that reaches the surface of the water.

SEDIMENT, PHYTOPLANKTON’S SUNBLOCK

Once sunlight reaches the surface of the water, it must pass through
the water to reach the phytoplankton. Here is where things become
di�cult for phytoplankton in the San Francisco Estuary, because the
Estuary’s waters have a lot of sediment (very fine sand and mud) that
makes themmuddy. Muddywater blocks sunlight from entering below
the surface of the water where phytoplankton can use it. The Sierra
Nevada mountains, located 300 km east of San Francisco Estuary, are
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Figure 3

Figure 3

(A) Phytoplankton
mostly grow in the
spring and summer, so
measurements of
chlorophyll-a are
highest then. However,
phytoplankton are also
eaten by zooplankton
and clams in the
summer, which
decreases the amount
of chlorophyll-a. (B)
The amount of sunlight
increases in the spring,
peaks in June/July and
then decreases. (C)
Sediment in the water
increases during the
rainy season in winter
and spring, as rivers
carry bits of rock and
sand from the
mountains into the
Estuary.

a major source of the sediment. Rainwater, ice, and snow break down
the mountain rock, which is carried by rivers into the Estuary. Most of
the rain falls between November and April, so it is not surprising that
sediment is high in the water during the winter and spring (Figure 3C).
Some of the sediment in the estuary today is the result of gold mining
that occurred between 1848 and the mid-1850s, during the California
Gold Rush!

Muddy water is also caused by sediment that sits on the bottom of
the rivers and gets stirred up by winds and tides. This is particularly
important for the San Francisco Estuary, which is one of the windiest
estuaries in the world and has a large tide. Ocean tides move water
into and out of the estuary twice each day. So, the winds and tide
act like a spoon in a glass filled with water, stirring everything up and
keeping the sediment in the water, where it can block the sunlight
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needed by phytoplankton. Muddiness from sediment in the water can
be measured with a turbidity meter.

TURBIDITY METER

A scientific instrument
used to measure how
much light moves
through water.

HOWDO PREDICTIONS OF PHYTOPLANKTONGROWTH

HELP THE SAN FRANCISCO ESTUARY?

Based on the number of phytoplankton, the amount of sunlight, and
the muddiness of the water—only measured in a few
locations—scientists use models to estimate the growth of
phytoplankton throughout the Estuary. Scientists use these estimates
of phytoplankton growth to find ways to increase the amount of food
for fish in the Estuary. Scientists also use estimates of phytoplankton
growth to understand why fish populations change over time and how
they are a�ected by di�erent kinds of phytoplankton food.

Conditions in the San Francisco Estuary are changing [5]. These
changes may include the growth of toxic phytoplankton, also called
harmful algae [6] that are increasingwith global warming and pollution.
These changes may create more problems for animals that live in
the estuary. Our research may help us understand how to reduce
harmful phytoplankton and encourage the growth of phytoplankton
that will feed estuarine animals. Whatever happens, we know that
phytoplankton will continue to be among the most important aquatic
organisms that you will NEVER see!
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