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Estuaries are special places that formwhere freshwater from the land

mixes with saltwater from the ocean, which is pushed inland by the

tides. This mixing creates diverse habitats that support a variety of

specially adapted species. In estuaries with Mediterranean climates

(similar to that of the Mediterranean region in Europe), winters are

wet and summers are dry. Somewinters have lots of rain, others have

almost none. The animals and plants of California’s San Francisco

Estuary have adapted to these variable conditions. But humans have

changed how and when the water flows through the Estuary, making

it tough for some species to survive. Climate change is likely to

bring hotter air and water temperatures, more extreme floods and

droughts, and rising sea levels, further complicating species survival.

In this article, we discuss how ecosystem restoration and water

management can help species survive in a changing climate.
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Figure 1

Figure 1

The San
Francisco Estuary. The
waterways are in blue,
the area of the inland
delta is in green. The
Sacramento River in the
north and the San
Joaquin River in the
south meet in the Delta,
then flow through
Suisun, San Pablo, and
San Francisco Bays into
the Pacific Ocean.
Sacramento, the capital
of California, is located
on the Sacramento
River. The
water-pumping plants
pump water from the
Estuary all the way to
southern California.

THE SAN FRANCISCO ESTUARY

What do people who live in Los Angeles, the almonds in your trail
mix, and salmon have in common? They all depend on water from
the San Francisco Estuary! Estuaries form where rivers meet the

ESTUARY

A coastal area,
enclosed by land,
where fresh river water
mixes with salt water
from the ocean.

ocean. The San Francisco Estuary is located near the city of San
Francisco in northern California, USA (Figure 1). It is a special estuary,
in part because much of its water is pumped out and transported
over hundreds of kilometers in concrete channels, to provide water
to over 25 million Californians and over 12,000 km2 of agricultural
crops. Another thing that makes the San Francisco Estuary special is
its wild and crazy climate. In the summer, it does not rain for months
on end, but winters are wet. Well, somewinters. During drought years,

DROUGHT

A period of time when
a place gets less than
normal precipitation
(rain or snow).

it may not rain at all. And during very wet winters, large areas of the
Estuary can flood. There is no such thing as a “normal” year for the
San Francisco Estuary [1]. However, this climate variability is normal
for places like California, which has a Mediterranean climate—like that
of the area surrounding the Mediterranean Sea in Europe.
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ADAPTATIONS TO A CRAZY CLIMATE

Plants and animals that live in estuaries located in Mediterranean
climates are well-adapted to both raging floods and long droughts.
They have developed various physical and behavioral mechanisms to
help them survive all the di�erent, crazy weather events. Wetlands
are critical habitats for many fish and bird species [2] and, in the San
Francisco Estuary, over 80% of the wetland species have been lost
since the 1800s [3]. Wetland plants have developed certain adaptations
to tolerate the changes in salinity that accompany both floods and

SALINITY

Varies with the amount
of mineral salt dissolved
in water. Oceans have
high salinity due to high
salt content, rivers have
low salinity, due to low
salt content. droughts [4]. Migratory bird species evolved to follow the water, taking

advantage of seasonal habitat across the region [5]. These adaptations
SEASONAL HABITAT

Habitat used by a
migrating species for
only specified season(s)
of the year.

have allowed species to shift and change over time, in response
to climate conditions. You can read more about the strategies of a
specially adapted fish species in Fichman et al. [6].

AN ALTERED LANDSCAPE

You might think that the unique species of the San Francisco Estuary
would be prepared for climate change—after all, they are adapted to
survive crazy weather! And thatmight be true if it was not for one other
“little” issue. In many estuaries, including the San Francisco Estuary,
important habitats such as wetlands, stream channels, and floodplains

FLOODPLAIN

An area of low-lying
ground adjacent to a
river, formed mainly of
river sediments and
subject to flooding.

have been turned into agricultural fields, cities, and towns. People
have changed the Estuary by filling in some channels, deepening and
straightening others, and building levees to keep fields and houses

LEVEE

A wall that prevents
water from going
where we do not want
it to go. Also called a
dike or embankment. It
can be either naturally
or
artificially constructed.

from flooding (Figure 2). In addition, lots of water that would naturally
flow through the San Francisco Estuary to the ocean is being diverted
from the Estuary for humans to drink and for watering crops. These
changes have destroyed most fish and wildlife habitats and have
greatly altered water flow patterns, making it harder for native species

NATIVE SPECIES

Plants and animals that
occur naturally in a
particular region
without
human introduction.

to cope with climate change [1, 7].

HOWDOES CLIMATE CHANGE AFFECT THE SAN FRANCISCO

ESTUARY?

Climate change threatens the San Francisco Estuary in a variety
of ways.

Sea Level Rise

Sea level rise is caused by ocean water expanding as it gets warmer
and ice sheets on land melting. The direct connection between the
San Francisco Estuary and the ocean means that extreme sea level
rise can permanently drown wetlands, which are a key habitat for
many plants and animals. In the past, wetlands could move inland
to higher elevations as tides got higher. But today, levees, roads, and
cities prevent wetlands from shifting inland. Models predict that some
wetlandsmay survive sea level rise, but otherswill probably drownover
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Figure 2

Figure 2

The San Francisco
Estuary today. People
built levees on the sides
of the rivers and
channels to protect
their farms and homes.
There are few small
channels or marshes
for fish and wildlife to
live in (Photograph
credit: California
Department of Water
Resources).

time, which is particularly problematic because most wetlands have
already been lost [4].

Levee Failure

A rising sea level combined with extreme floods may cause levees to
fail. Levee failure would flood the areas that are behind the levees and
now below sea level. To read more about levees and the risk of island
flooding, please see Stern et al. [8]. Although this flooding would be
disastrous in many ways, it may create more habitat for some aquatic
plants and animals [1].

Rising Water Temperatures

Another threat comes from rising water temperatures. In the San
Francisco Estuary, spring and summer water temperatures are likely to
increase by 1–5.5◦C (1.8–9.9◦F) over the next few decades. This will
be stressful for native species that are adapted to lower temperatures
and will likely change the timing of important life events, such as
reproduction. Lacking the many microhabitats that are common in a
natural estuary, including deeper waters, water shaded by cottonwood
or willow trees, fast-flowing water, and groundwater-fed cooler pools,
native species will have a harder time persisting [7].

Higher water temperatures also a�ect salmon. For thousands of years,
these amazing fish have laid their eggs in small, cold streams upstream
from the Estuary. Their babies hatch in streams and then migrate
through the Estuary to the ocean, where they stay until they are
grown and ready to return to their birth streams to lay their own eggs.
Because dams block access to the clear mountain streams in which
salmon used to reproduce, they now lay their eggs at much lower,
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warmer elevations, but still return to their birthplace to reproduce [9]. If
droughts become more frequent and water temperatures keep rising,
salmonmay disappear from this region, because of a lack of cool water
that salmon eggs and young need to grow. People who operate dams
can use cold water from the reservoirs to keep the streams below cold
when the salmon need it for reproduction, but in years with little rain
to fill the reservoirs, this is not an option [1].

Droughts

Droughts cause warmer water temperatures and keep seasonal
floodplains dry. Extended droughts are hard on native fishes, because
some fish are sensitive to warm water temperatures and many use
floodplains for spawning and for feeding. Floodplains only fill with
water in rainy winters, or when a lot of snow melts in the mountains
[1]. Before levee construction, floodplains were common along the
streams in the upper Estuary. Wet floodplains produce lots of fish food,
provide habitat for young native fish, and shelter those young fish from
predators [1].

Salty or Fresh Water

In estuaries, the salinity of the water increases the closer you get to
the ocean. Water salinity in certain locations changes throughout the
month, the year, and between years. High tides push the salty water
further up into the Estuary; melting snow in themountains brings fresh
water down the rivers andmakes the Estuary less salty. In dry years, the
salty water can travel further into the Estuary than in wet years. Animals
and plants living in estuaries are used to these changing conditions and
can handle them if habitat is available along the whole stretch of the
Estuary [1].

Because water from the San Francisco Estuary is pumped out for
drinking water and for watering almonds, fruits, and vegetables, water
managers keep the salty water from coming far up the Estuary. They
catch water in upstream reservoirs in the wet season and release this
water in the dry season. These management actions result in less salty
but also less variable conditions, which are better for non-native or
invasive species that are not adapted to the normal, varying conditions

INVASIVE SPECIES

Species not originally
from an area;
“non-native,” which
when introduced
displace and make
habitats unsuitable for
native species.

and can outcompete the native species [1]. To read more about the
e�ect of invasive species see Morais et al. [10].

WHAT CANWE DO?

Each species responds in its own unique way to changes brought
about by climate change. While we expect the e�ects of climate
change on an estuary to be profound, predicting exactly how species
and ecosystems will respond is nearly impossible.
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Figure 3

Figure 3

A vision of the San
Francisco Estuary in
which nature-filled
landscapes surround
the rivers, o�ering
space for fish and
wildlife to thrive and for
people to enjoy (Image
credit: Yiping Lu, San
Francisco Estuary
Institute).

There are three approaches to making an estuary more resilient to
climate change. First, we must continue monitoring and researching
fish and wildlife, salinity, water temperature, and other factors. The
more we know about how the ecosystem works and responds
to changes, the more e�ectively we can manage it. Second, it
is important to restore the di�erent ecosystems of the Estuary,
particularly wetlands and floodplains, to create more habitat. A large
amount of intact natural areas will o�er a diversity of microhabitats,
allowing fish and wildlife to move to where conditions are best for
their survival (Figure 3). Finally, we should try to manage the water
flowing through the Estuary, to create suitable and varying conditions
for native animals and plants. In the San Francisco Estuary, this may
present the greatest challenge because of the importance of the
Estuary for providing water for humans.

Scientists are sure that human activity is responsible for the climate
change we see today; the good news is that it means we can do
something about it. In the Estuary and around the world, people
are working together to understand and address the impacts of
climate change. Articles like this one explaining the science of climate
change can help us identify what solutions are available and move
them forward.

REFERENCES

1. Dettinger, M., Anderson, J., Anderson, M., Brown, L. R., Cayan, D., and Maurer,

E. 2016. Climate change and the Delta. San Franc. Estuary Watershed Sci.

14:1–26. doi: 10.15447/sfews.2016v14iss3art5

kids.frontiersin.org March 2022 | Volume 10 | Article 569350 | 6

https://doi.org/10.15447/sfews.2016v14iss3art5
https://kids.frontiersin.org/
https://kids.frontiersin.org/article/10.3389/frym.2022.569350
https://kids.frontiersin.org/article/10.3389/frym.2022.569350
https://kids.frontiersin.org/article/10.3389/frym.2022.569350


Keeley et al. How Climate Change A�ects Nature

2. Morais, P., and Dias, E. 2021. Estuaries, a happy place for fish. Front. Young

Minds. 9:613862. doi: 10.3389/frym.2021.613862

3. Sloey, T. 2021. How wetland plants deal with stress. Front. Young Minds.

9:611887. doi: 10.3389/frym.2021.611887

4. Parker, V. T., and Boyer, K. E. 2017. Sea-level rise and climate change impacts

on an urbanized Pacific Coast estuary. Wetlands.

2017:1–14. doi: 10.1007/s13157-017-0980-7

5. Dybala, K. E, Clipperton, N., Gardali, T., Golet, G. H, Kelsey, R., and Lorenzato, S.

2017. Population and habitat objectives for avian conservation in California’s

central valley riparian ecosystems. San Franc. Estuary Watershed Sci.

15:5. doi: 10.15447/sfews.2017v15iss1art5

6. Fichman, R., Khen, A., Willmes, M., Kuntz, J., Scott, A., Hobbs, J., et al. 2021. The

clever strategies that fishes use to survive in San Francisco’s dynamic estuary.

Front. Young Minds. 9:608881. doi: 10.3389/frym.2021.608881

7. Sommer, T., and Mejia, F. 2013. A place to call home: a synthesis of delta smelt

habitat in the upper San Francisco Estuary. San Franc. Estuary Watershed Sci.

11:1–25. doi: 10.15447/sfews.2013v11iss2art4

8. Stern, D., Chapple, D., and Copeland, C. 2022. The dangerous disappearance of

delta dirt. Front. Young Minds. 10:613190. doi: 10.3389/frym.2022.613190

9. Phillis, C. C., Sturrock, A. M., Johnson, R. C., and Weber, P. K. 2018. Endangered

winter-run Chinook salmon rely on diverse rearing habitats in a highly altered

landscape. Biol. Cons. 217:358–62. doi: 10.1016/j.biocon.2017.10.023

10. Morais, P., Encarnação, J., Teodósio, M., and Dias, E. 2021. Aliens from an

underwater world. Front. Young Minds. 9:646539. doi: 10.3389/frym.

2021.646539

SUBMITTED: 03 June 2020; ACCEPTED: 08 February 2022;

PUBLISHED ONLINE: 10 March 2022.

EDITOR: Pedro Morais, Florida International University, United States

SCIENCE MENTOR: Rita Araujo

CITATION: Keeley ATH, Bush E and Chapple DE (2022) Helping Nature in the San

Francisco Estuary Cope With Climate Change. Front. Young Minds 10:569350.

doi: 10.3389/frym.2022.569350

CONFLICT OF INTEREST: The authors declare that the research was conducted in

the absence of any commercial or financial relationships that could be construed

as a potential conflict of interest.

COPYRIGHT © 2022 Keeley, Bush and Chapple. This is an open-access article

distributed under the terms of the Creative Commons Attribution License (CC BY).

The use, distribution or reproduction in other forums is permitted, provided the

original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

kids.frontiersin.org March 2022 | Volume 10 | Article 569350 | 7

https://kids.frontiersin.org/articles/10.3389/frym.2021.613862
https://doi.org/10.3389/frym.2021.613862
https://kids.frontiersin.org/articles/10.3389/frym.2021.611887
https://doi.org/10.3389/frym.2021.611887
https://doi.org/10.1007/s13157-017-0980-7
https://doi.org/10.15447/sfews.2017v15iss1art5
https://kids.frontiersin.org/articles/10.3389/frym.2021.608881
https://doi.org/10.3389/frym.2021.608881
https://doi.org/10.15447/sfews.2013v11iss2art4
https://kids.frontiersin.org/articles/10.3389/frym.2021.613190
https://doi.org/10.3389/frym.2022.613190
https://doi.org/10.1016/j.biocon.2017.10.023
https://kids.frontiersin.org/articles/10.3389/frym.2021.646539
https://doi.org/10.3389/frym.2021.646539
https://loop.frontiersin.org/people/424141
https://loop.frontiersin.org/people/886445
https://doi.org/10.3389/frym.2022.569350
https://creativecommons.org/licenses/by/4.0/
https://kids.frontiersin.org/
https://kids.frontiersin.org/article/10.3389/frym.2022.569350
https://kids.frontiersin.org/article/10.3389/frym.2022.569350
https://kids.frontiersin.org/article/10.3389/frym.2022.569350


Keeley et al. How Climate Change A�ects Nature

YOUNG REVIEWERS

EUROPEAN SCHOOL OF VARESE, AGES: 12–13

This group of international and hungry minds took the opportunity to engage

in this new scientific activity and managed to make the di�erence by working

wonderfully together!
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