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The San Francisco Estuary is home to an important endangered fish

called delta smelt. Delta smelt eat small, nutritious animals called

zooplankton to survive andgrow. In turn, zooplanktongrowby eating

microscopic plant-like organisms called phytoplankton. In the past,

the Estuary was full of plankton and delta smelt. Because people

have removed water from the Estuary and invasive species now live

there, the Estuary no longer has enough plankton to feed delta smelt,

making it di�cult for them to survive. Scientists have found a unique

place in the Estuary, the Yolo Bypass, that has lots of fish food. The

problem is that delta smelt do not live in the Yolo Bypass year-round.

Scientists are working to solve this problem by sending river or farm

water through the Yolo Bypass, tomove fish fooddownstream to feed

the hungry delta smelt and other fish species.
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UNHEALTHY ESTUARYMEANS LESS FOOD FOR FISH

The San Francisco Estuary is home to many species of native fish and
large numbers of plankton, which are tiny organisms that live in the
water. Some fish species in the Estuary, such as delta smelt, are found
nowhere else in the world. Plankton species that live in the Estuary
include very small animals called zooplankton, which fish need to

ZOOPLANKTON

Small animals that drift
in the water current. eat to survive, grow, and reproduce. Zooplankton eat even tinier

organisms called phytoplankton, which are microscopic organismsPHYTOPLANKTON

Microscopic organisms
that grow by
harnessing energy from
sunlight just like plants.

that grow by harnessing energy from sunlight just like plants. This
is an example of a food chain (Figure 1), and lots of crossing food
chains make a food web. Since the 2000s, scientists have noticed

FOODWEB

A set of crossing food
chains representing
feeding relationships
among organisms.

that plankton have been decreasing in the Estuary, which has led
to declines in the populations of several fish species [1, 2]. This is
happening because the San Francisco Estuary is not as healthy as it
used to be, and it all began a long time ago!

In the mid-1800s, many thousands of people rushed to California to
search for gold during the Gold Rush. Since then, the San Francisco
Estuary has changed a lot. People built in and around the Estuary and
brought in invasive species (Figure 2) [3]. Since the 1950s, people haveINVASIVE SPECIES

Animals and plants
introduced by humans
that disturb the
ecosystem when the
population reaches
large numbers.

removed large amounts of water from rivers draining the Estuary, for
farming and for use by people living in cities. Developing the landscape
and removing water destroyed tidal marshes and floodplains, which

TIDAL MARSH

A wetland found along
rivers, coasts, and
estuaries that floods
and drains with the
movement of the tides.

FLOODPLAIN

An area of land next to
a river that floods when
the river is high.

fish and plankton need to feed, grow, and reproduce. Invasive species
havemadematters worse by occupying areaswhere native species live
and competingwith native species for plankton. As a result, there is less
plankton to feed native fish, like the endangered delta smelt [2].

WHY ARE DELTA SMELT IMPORTANT ANDWHAT DO THEY

EAT?

Delta smelt are small fish, about the length of a chicken egg, that exist
only in certain parts of the San Francisco Estuary. They live for just
1 year, and their unique life cycle makes them especially sensitive to
changes in their environment. Because of their sensitivity, delta smelt
are considered indicators of ecosystem health, meaning that they tell

ECOSYSTEM

A community of living
organisms interacting
with the non-living
components of
their environment.

us how healthy or unhealthy the San Francisco Estuary is. For example,
large numbers of delta smelt in the Estuary indicate that the Estuary is
healthy. In the 2000s, the number of delta smelt in the Estuary declined
so much that they are now at risk of extinction [2], which tells us
that something is wrong with the ecosystem. Like many other fish
species in the Estuary, delta smelt eat zooplankton, which in turn eat
phytoplankton. Delta smelt populations are declining in part because
there is not enough plankton in the Estuary [2].

WHERE IN THE ESTUARY DO DELTA SMELT LIVE?

Delta smelt spend part of their lives in the freshwater portion of the
Estuary, a place called the Sacramento-San Joaquin Delta. Before
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Figure 1

Figure 1

Phytoplankton are
eaten by zooplankton,
which are the favorite
prey of the endangered
delta smelt. When there
are lots of
phytoplankton in the
San Francisco Estuary,
zooplankton eat more
and grow in numbers.
When there are more
zooplankton, delta
smelt have more food
to eat, which helps
them to survive, grow,
and reproduce. Scale
bars show the length of
each organism. [Photo
credits: delta smelt
photo by B. Moose
Peterson (USFWS),
zooplankton photo by
Je� Cordell (USGS),
and phytoplankton
photo by Alexander
Klepnev (licensed
under Creative
Commons Attribution
4.0 International)].

humans changed the ecosystem, the Delta was a complex habitat of
interconnected freshwater tidal marshes and floodplains, which is now
lost. This complex habitat supported many fish and plankton species
[4]. However, there are two places in the Delta, the Yolo Bypass, and
the Cache Slough Complex, where freshwater still enters tidal marshes
and floodplains still resemble the places where delta smelt once lived
(Figure 3).

The Yolo Bypass and Cache Slough Complex together are a huge
floodplain and tidal marsh, ∼61 km long, with an area of 240 km2–the
same as 33,613 soccer fields! This huge place produces a lot of
phytoplankton, which move downstream to the Sacramento River
when water flow increases during winter and spring [5]. Because of
this, the Yolo Bypass would be a good place for fish, including the delta
smelt, to live [6]. However, delta smelt and other native fish cannot live
in the Yolo Bypass and Cache SloughComplex during summer and fall,
because the water temperature is too warm. But what if food could be
moved from the Yolo Bypass and Cache Slough Complex to the places
where delta smelt do live during summer and fall?

A FISH-FOOD FACTORY IN THE FLOODPLAIN

In 2011, scientists started monitoring the food web of the Yolo Bypass
and Cache Slough Complex to learn how much phytoplankton and
zooplankton exists there throughout the year and how it changes from
year to year. In 2011 and 2012, there was a lot of water flowing through
this huge floodplain during summer and fall. The water came from
rice farms upstream of the Yolo Bypass, and it triggered an explosion
of fish food in the floodplain! The water that passed through the
floodplain into the Sacramento River moved lots of phytoplankton
and zooplankton with it. Scientists wondered if they could move that
nutritious water from the floodplain to the river in summer and fall,
to feed the fish. So, with local farmers and water engineers, they
developed a plan to send river or farm water through the Yolo Bypass
in the summer and fall, to deliver food to hungry delta smelt and other
fishes living in the Sacramento River downstream from the floodplain
(Figure 3). But does this plan really work?
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Figure 2

Figure 2

(A) Before the Gold
Rush, the San Francisco
Estuary had many
floodplains and tidal
wetlands where fish
and plankton lived.
(B,C) Since the Gold
Rush, people have
developed the Estuary
for their own use, by
building channels and
weirs for flood control
and water delivery to
cities and farms.
(D) People have also
brought in invasive
species, like the
freshwater clam
Corbicula fluminea,
which occupy the
Estuary and eat
plankton (Image
credits: drawing of
estuary from
Sacramento Archives &
Museum Collection
Center, Eleanor
McClatchy Collection
1982/004/0100.
Freshwater clam,
Center for Lakes and
Reservoirs, Flickr,
Creative commons
license. Photos of
farmland and weir from
California Department
of Water Resources).

DELIVERING FISH FOOD TO DELTA SMELT

Scientists worked with water engineers to test their food-delivery plan
in 2016, 2018, and 2019. Engineers used a system of pumps, canals,
and weirs to move large amounts of water into the floodplain, while
scientists studied the water quality and the amounts of phytoplankton
and zooplankton that grew in the floodplain and downstream in the
Sacramento River. In 2016, river water moved through this system,
from upstream of the Yolo Bypass through the floodplain, during the
summer. In 2018 and 2019, water moved from rice fields into the Yolo
Bypass during the rice harvest season in summer and fall.

From this three-year study, scientists found that the food-delivery
plan, which they called the North Delta Flow Action, was successful in
delivering plankton from the Yolo Bypass and Cache Slough Complex
to the fish living downstream in the Sacramento River. The 2016 food
delivery was especially successful, because it resulted in growth of
phytoplankton downstream in the lower Sacramento River, including
a type of phytoplankton called diatoms, which are very nutritious for
zooplankton. More zooplankton were also found downstream from
the floodplain, precisely where the delta smelt like to live during the
summer and fall. In 2018 and 2019, the food-delivery system was less
e�cient than in 2016, meaning that less food was delivered during
summer and fall. However, there was still more fish food in the lower
Yolo Bypass and Cache Slough Complex than before the food-delivery
system was implemented.

THE FUTURE OF A SUCCESSFUL FISH FOOD-DELIVERY

SYSTEM

Scientists are still studying the e�ects of the North Delta Flow Action,
and they plan to continue it for many more years. Producing food in
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Figure 3

Figure 3

The Yolo Bypass (a tidal
floodplain) and Cache
Slough Complex (a tidal
wetland) are unique
places in the San
Francisco Estuary
because they produce
lots phytoplankton and
zooplankton. In
summer and fall, delta
smelt live downstream
in the Sacramento River
where food has
become scarce.
Scientists developed a
fish food-delivery
system that sends river
or farm water through
the Yolo Bypass to
deliver food to delta
smelt and other fish
downstream, in the
Sacramento River
[Photo credits:
zooplankton photo by
Je� Cordell (USGS),
phytoplankton photo
by Alexander Klepnev
(licensed under
Creative Commons
Attribution 4.0
International), smelt
photo by René Reyes
(USBR). Yolo Bypass,
Cache Slough
Complex, and water
channel photos
courtesy of California
Department of Water
Resources. Map of
California form US
Geological Survey].

the floodplain and delivering it to delta smelt and other fish species
may help these fishes survive and thrive into the future. After all the
destruction that humans have caused in the San Francisco Estuary and
the Sacramento-San Joaquin Delta, we need to make sure that we do
everything we can to protect delta smelt and other important species
from becoming extinct.
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