Restoring aquatic ecosystems
is a matter of values

California has constructed large hatcheries to compensate for lost spawning habitat, but wild fish populations continue to
decline. On the Sacramento River, U.S.
Fish and Wildlife Service biologists monitor for salmon and steelhead.

Peter 6. Moyle
Californians today seem willing to
make sacrifices to protect the environment, including paying more
directly or indirectly
for water, There are limits to this willingness, however, and these limits
are determined by a combination
of underlying value systems and
the perceived relationships between costs and benefits. A number of interrelated values, economic and noneconomic, can be
invoked to justify devoting water
to the protection of fish and other
aquatic life. These values can be
incorporated into strategies for
protecting natural systems, ranging from protecting species to
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managing large ecosystems. The
application of multiple and often
conflicting values lies at the heart
of CALFED, a multiagency effort
to provide assured water supplies
to farms and urban areas while
also protecting and enhancing
aquatic species and habitats. The
CALFED Strategic Plan for Ecosystem Restoration for the San
Francisco Bay-Delta ecosystem is
an example of the kind of broadbased strategy that must be
implemented if we are sincere
about maintaining natural systems for the benefit of humans
and the rest of California’s biota
in the 27st century and beyond.
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hen the tiny delta smelt was
first proposed for listing as an
endangered species in 1989, a newspaper headline screamed “Delta Smelt
Threatens Water Supplies.” The headline “Water Supply Threatens Delta
Smelt” would have been closer to the
truth, and in fact better reflects what
has become the official attitude toward
the smelt. Despite dire predictions,
the California economy did not collapse after the smelt - and a succession of other fish species that live in
the Sacramento-SanJoaquin Delta were listed as threatened or endangered under federal and state laws. Instead, a truce was declared in the legendary wars among competing
interests for Northern California’s wa-

ter, initiating a major effort to find ways to protect the environment
while assuring water
users that water quality
and the reliability of
supply would be maintained and, most likely,
improved.
This uneasy truce represents a major change in
attitudes toward the use
of California‘s water. For
example, when Friant
Dam on the San Joaquin River was
built in the 1940s, 50,000 spring-run
chinook salmon were left stranded, resulting in the extinction of a distinctive
run. Why have public attitudes toward
saving fish changed so dramatically in
the past 50 years? What justifies protecting small fish that live in the water
that drives California’s economic engine? How do we protect fish and
other aquatic creatures and still provide water for farms and cities? Insights into the answers to these questions can be found by examining what
is happening in the Central Valley and
the San Francisco Bay-Delta Estuary.
Change in attitudes
The United States and California
have long traditions of protecting fish
and wildlife and their habitats. This
protection has been mainly within the
context of the direct economic value of
the animals, especially for hunting and
fishing. With the exception of migratory birds, special protection for
nonharvested fish and wildlife was
largely thought to be unnecessary because there seemed to be plenty of
habitat on the margins of private lands
and in the vast tracts of public lands.
This attitude changed as human population exploded across the landscape,
farming and logging increased in
scale, and the post-World War I1 economic boom spewed toxic wastes in
huge quantities into our waters, resulting in massive declines of native plants
and animals (Kucera and Barret 1995;
Pavlik 1995).

Despite dire predictions,the California
economy did not collapse after the delta
smelt was added to the federal endangered species list.

During this era, implicit and explicit promises were made by politicians and engineers that we could
build California’s hydraulic society
(see p. lo), fed by aqueducts from hundreds of dams, and still maintain the
diverse wild landscapes, plants and
animals that make the state such a desirable place to live. One of the most
obvious indicators that these promises
were not being kept was the decline of
fisheries for chinook salmon, coho
salmon and steelhead, despite the construction of large hatcheries to compensate for production lost from natural streams. In the waters of the
Central Valley, the decline of salmon
has occurred concurrently with the decline of many other native fishes and
some desirable non-native species,
such as striped bass and American
shad.
The decline of fisheries, the presence of foul-smelling, toxic waters,
and the loss of spectacular wildlife
such as bald eagles, gray whales and
cutthroat trout led to the passage of
the federal Endangered Species Act in
1973 and Clean Water Act in 1972,
both followed by equivalent state acts.
These strong laws, still popular with
the general public, were essentially responses to public sentiment that high
rates of environmental degradation
were affecting human health, fisheries
and highly visible species such as the
bald eagle. The environmental move-

ment, through groups
such as the Sierra Club,
Environmental Defense
and The Nature Conservancy, started its rapid
expansion during the
1970s, helping to educate
the largely urban public
about the importance of
environmental protection
while often arguing that
noneconomic values were
as important as economic
values. In the 1980s, conservation biology was created as a distinct academic field, giving further
credibility to arguments that (1)the
environmental crisis was real and severe; (2) conservation of the world’s
natural systems required changes in
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The Smith River
in Northern Caiifornia is one of the
state’s last undammed major
rivers. During the
time that hundreds
of dams were constructed in California and across the
nation, little attention was paid to
the needs of fish.

human value
systems; and (3)
solutions should
be based on the
best available
science but take
into account the
importance of
humans as an integral part of
ecological systems (Meffe and
Carroll 1997).
The result
was a citizenry
more willing to
make sacrifices
.B to protect the en€
;
vironment, in2 cludingpaying
E more, directly or
indirectly, for
water. There are limits to this willingness, however, and these limits are determined for each individual by a
combination of their underlying value
system and the perceived relationships
between costs and benefits. For example, in the 1990s Californians
passed bond issues (e.g., Proposition
204) and influenced federal legislation
to spend hundreds of millions of dollars to repair ecological damage to the
San Francisco Bay-Delta Estuary and
to devote more water for environmental purposes
This has resulted in formation of
the CALFED Bay-Delta Program, a
confederation of 11state and federal
agencies working together (in theory)
with local and regional agencies and
interest groups to find acceptable solutions to the interconnected problems

-

There is a massive
environmental debt to
repay in California, which
is repected in the degraded
nature of so many of our
streams, lakes and
estuaries. We can fix
things now, or we can wait
until conditions get worse
and we experience even
more strongly the loss of
benefits provided by
healthy ecosystems.
18
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of improving environmental conditions and the reliability and quality of
water supply to agriculture and urban
areas. The first stage of the CALFED
Bay-Delta program will take 7 years
and cost an estimated $4.4 billion, including about $1billion for ecosystem
restoration (McClurg 1999). However,
as of January 2000 only $284 million
had been appropriated for ecosystem
restoration. The total cost is likely to
be in excess of $10 billion. How much
water and money Californians ultimately are willing to devote to restoration will depend on the short-term
success of CALFED in securing more
reliable water supplies before the next
major drought.

Justifications for protection
Four important interrelated values
are often invoked to justify devoting
water to the protection of aquatic life
in California.
Market values. The easiest way to
value water left in streams and lakes is
to determine the income generated by
goods or services produced by freeflowing streams. On average, commercial salmon fisheries in California generate $8 million to $21 million per
year, even with hatchery rearing of
large numbers of fall-run chinook
salmon. These figures are presumably
a small fraction of the potential value
if salmon numbers approached pre1850 levels. Historically, salmon were
10 to 15 times more abundant in the
Central Valley than they are today,
with the fish divided among four runs
that provided nearly continuous instream fisheries. In a best-case scenario, salmon fisheries could earn as
much as $111million per year in California, income that would be especially important to small coastal communities (Yoshiyama 1999). The value
of recreational and subsistence fisheries for Native Americans also adds
substantially to the lost economic
value of salmon.
Salmon runs can be viewed as natural capital, a bank account of fish that
pays high annual interest rates year af-

ter year as new fish enter the fishery.
California’s extensive
system of hatcheries is
a recognition of the
value of salmon as
well as an attempt to
replace natural capital
with government subsidies. However, the
hatchery system has
slowed but not
stopped the decline of
salmon. Thus it has not
been a real substitute
for the need to increase
stream flows and to
improve water and
habitat quality for
salmon spawning and
rearing. Similar analyses could be made for the market values of other fisheries, waterfowl hunting or water-oriented recreation.
The problem with relying on market values as the main indicator of
worth is that water as a commodity is
immensely more valuable than the fish
and wildlife that depend on it. This is
why Central Valley chinook salmon
populations have been allowed to deteriorate to the point where three of
the four runs are threatened with extinction and the fourth (the fall run) is
propped up by hatchery production.
Under this value system, species like
Sacramento splittail, which supports
only a small recreational/subsistence
fishery by Chinese Americans, have
negligible value. Clearly such fish do
have value beyond simple economics,
which is why we continue to maintain
their populations, even if at reduced
levels and through such contentious
mechanisms as the Endangered Species Act.
Ecosystem service values. Clean,
free-flowing rivers and streams dilute
pollutants, filter organic wastes, grow
riparian forests (which, in turn protect
drinking water supplies from pesticides, sediment and other byproducts
of intensive land use), support fishing
and other recreational activities, and

provide endangeredspecies habitat and
spawning and rearing areas for fish.
When these ”free”
services are lost they
must be paid for,
such as with improvements to water
purification plants
or the purchase of
bottled water. Such
costs are rarely included in the development costs of water or watersheds.
Although dams
are essential for the capture and delivery of water to distant cities and
farms, they interfere with ecosystem
services. For example, dams capture
gravel created by the erosion of mountains, preventing its movement into
rivers on the valley floor and eliminating the clean, loose gravel that salmon
and other anadromous fish need for
spawning. As a result, thousands of
tons of gravel are periodically mined
off-site by various agencies and
dumped into Central Valley riverbeds,
to provide spawning habitat for
chinook salmon below dams (Mount
1995).

Fish are valued by humans for reasons that
go beyond simple economics. Top,Anglers work
the American River below Nimbus Dam. Above,
The annual return of salmon to the hatchery’s
fish ladder Is a well-attended public event.

Aquatic ecosystems are also a repository for species that may become
unexpectedly valuable. For example,
white sturgeon have recently become
an important aquaculture species in
California, raised not only for meat
but also for caviar, which is increasingly valuable as populations of wild
sturgeon decline worldwide. Even the
endangered delta smelt may someday
have direct economic value. Similar
species are highly prized as food in Ja-
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pan, and aquaculture techniques being
developed to prevent the extinction of
delta smelt could lead to this species
being ”farmed” for food.
Fish, especially native species, are
perhaps the best indicators of streams
that provide substantial ecosystem services through clean water and natural
flow regimes. In fact, the Clean Water
Act demands that public waters be
fishable (as well as drinkable and
swimmable).Similarly, the California
Fish and Game Code (Section 5937)
states that fish below a dam must be
kept in “good condition.“ In 1996, a
successful court case (Putah Creek
Council vs. Solano Irrigation District,
Sacramento Superior Court No.
515766) accepted the definition that
“good condition” means the fish are
healthy individuals in self-sustaining
populations that are part of natural assemblages of species (Moyle et al.
1998).This definition implies that in
general more water needs to be released from dams for downstream
services, such as the maintenance of
fisheries.
The neglect of ecosystem service
values in water development reflects
the fact that historically many real,
long-term costs of water development
have not been included in the price
tags of water projects. Thus the destruction of fisheries, aquatic habitats
and native fish populations was not
originally included in the costs of dam
construction, except through the construction of fish ladders and hatcheries. Similarly, the costs of removing
agricultural pollutants from drinking
water taken from the Sacramento and
San Joaquin rivers is not incorporated
into the cost of the water to farmers.
Most of the disputes over water use
in California today boil down to determining what the true costs of water
development have been and who
should pay for the costs to society that
are not covered by the water users. For
example, re-evaluation of the costs
and benefits of various water projects
is one of the major justifications for removing dams that have caused signifi20
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cant environmental damage while providing few benefits. Englebright Dam
on the Yuba River has been targeted
for removal by environmental groups
because it provides relatively small
benefits such as capture of hydraulic
mining debris and recreation while
blocking access of salmon and steelhead to many miles of historic habitat.
lntergenerationalvalues. A major
problem with most methods of valuing resources is that the present generation generally has acted as if it
”owns” them, with little consideration
of their value to future generations
(Moyle and Moyle 1995).Indeed, it is
difficult to predict what will be valued
in the future. In the 1940s, who could
have imagined that our present society
would place a high value on flows in
rivers for recreational rafting or the
preservation of obscure species such
as delta smelt? Ideally, therefore, we
should be placing a high value on
sustainability, defined as the equitable
distribution of resources among generations, to ensure that future generations have the same access to resources
as the present generation. To incorporate intergenerational values into our
economic system, the safe minimum
standard can be applied to all species
and natural resources, with each species or resource maintained at a selfsustaining level because it may have a
high economic value to future generations. As the collapse of fisheries
worldwide indicates (Botsford et al.
1997),intergenerational values today
are more dream than reality.
Moral values. While market, ecosystem service and intergenerational
values attempt to assign economic
value to species and natural systems,
ultimately we must also rely on noneconomic arguments such as those
elaborated by philosopher B.G. Norton
(1987).The strongest arguments are
moral ones, for example that we as humans have no right to eliminate other
species from the planet and have an
obligation to be good stewards of the
land and water (Pister 1997).Indeed,
the world’s religions all have doctrines

that reflect this attitude and there is
growing interest
among religious
organizations in
promoting the idea
that one purpose
of human existence
is to take care of
the planet and all
its inhabitants.
Leadership in this
area, however, has
largely been provided by environmental groups
such as World
Wildlife Fund or
the Wildlands
Project (Soul6
2000). In the long
run, conservation
strategies based on
intrinsic moral values are likely to be
the most comprehensive and longlasting.

Protection of
natural systems
Many strategies
are available to
protect natural systems, ranging from protecting species
to managing entire ecosystems (Moyle
and Yoshiyama 1994).One of the most
comprehensive strategies produced in
California is the Strategic Plan for Ecosystem Restoration for the San Francisco Bay-Delta region, written by a
team of scientists for CALFED, including myself and two other UC scientists
(1999).The restoration area includes
most of the Sacramento-San Joaquin
watershed (basically the Central Valley watershed), focusing on the region
surrounding and including the estuary
and rivers below major dams. The entire area can reasonably be considered
an ecosystem in the sense of Likens
(1992)as “a spatially explicit unit of
the Earth that includes all of the organisms, along with all components of

Why do we need healthy aquatic ecosystems? In
addition to the economic value of fisheries and the
numerous benefits of well-managed ecosystems,
noneconomic values must be considered, such as
the need to preserve the environment for future
generations.

the abiotic environment within its
boundaries.” The plan is discussed
here as an example of the kind of strategy we need to implement if we are
sincere about maintaining the
sustainability of natural (and humandominated) systems.
The CALFED strategic plan was
written as a framework for prioritizing
actions to restore the ecosystem.
Rather than focusing on species, it emphasizes ecosystem-based management,
the management of watersheds and
ecological processes on a large scale.
The strategic plan recognizes that ecosystem restoration does not mean re-
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Philosophers, environmental organizations and the world’s religions have promoted the
doctrine that humans are not entitled to eliminate species from the planet and have an
obligation to be good stewards of land and water.

turning the San Francisco Bay-Delta
region or most parts of it to pristine
condition, for the simple reason that
the region is already too altered by human activity for that to be possible:
Ecosystem restoration does not entail re-creating any particular historical configuration of the BayDelta environment; rather it means
re-establishing a balance in ecosystem structure and function to meet
the needs of plant, animal and human communities, while maintaining or stimulating the region’s diverse and vibrant economy.
The plan recommends restoration
based on principles of ecosystembased management identified by the
Ecological Society of America
(Christensenet al. 1996):
Long-term sustainability is a fundamental value.
m Management decisions must be
based on clearly defined goals and
objectives.
Management decisions must be
based on sound ecological models
and understanding.
a Complexity and interconnectedness
are fundamental characteristics of
healthy ecosystems.
m
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Ecosystems are constantly changing.
The various aspects of ecosystem
structure and function work in time
frames and over areas that usually
differ from economic and social
schedules and boundaries defined
by humans.
Humans are integral parts of aZI
ecosystems.
Ecosystem-based management
must be adaptable and accountable,
recognizing that management must
change as we learn more about how
particular ecosystems work.

Goals and objectives of CALFED
The second principle, that management decisions must be based on
clearly defined goals and objectives, is
extremely important because it ties the
other principles to the reality of particular places. Goals and objectives
also should be specific enough to be
used as measures of progress toward
ecosystem restoration. The goals listed
in the CALFED strategic plan are:
m

Establish self-sustaining populations of all at-risk species in the estuary and watersheds and reverse
the downward trends in populations of other native species to
avoid more endangered-specieslistings. At-risk species are those listed,
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or proposed for listing, by state and
federal agencies for threatened or
endangered status.
Re-establish natural processes, such
as flow regimes in streams, to support natural biotic communities in
ways that favor native species.
Maintain harvestable populations
of economically valuable species
(including non-native species).
Protect and restore sustainable examples of all functional habitat
types throughout the system.
Prevent the establishment of additional non-native species and reduce the negative ecological effects
of established non-native species.
Improve water and sediment quality in order to reduce the impacts of
toxicants on organisms, including
humans.
Each of these goals includes a series of measurable objectives, to provide indications of progress. Objectives for the first goal, for example,
would include the attainment of
large, self-sustaining populations of
delta smelt, Sacramento splittail and
winter-run chinook salmon, resulting
in their removal from the endangeredspecies list. The achievement of these
objectives, however, would require reestablishing the natural processes that
each species requires to complete its
life history, such as re-creation of large
areas of flood plain that provide habitat for native fishes and other organisms. Thus restoration of splittail may
require mechanisms to deliberately
flood portions of the Yo10 and Sutter
bypasses in March and April to promote spawning when flooding does
not occur naturally. Harvestable nonnative species, such as striped bass
and signal crayfish, are also likely to
benefit from these actions.
Restoration of natural processes
and native species also means that the
variety of natural habitat types, such
as riparian forest, salt marsh and seasonal sloughs, would be favored. The
probability of success will be much
higher if invasions by new non-native
continued on p. 2

continued from p. 22

species are halted and water quality is
improved by the reduction of toxic
wastes entering the streams. All of
these objectives can be quantified,
such as the number of acres of a habitat type, the size and age-structure of a
fish population, the number of days of
natural flooding of riparian areas, the
number of additional acres exposed to
tidal flushing, and reductions in the rate
at which alien species enter the system.

Future in focus:
The value of ecosystems
Obviously, achieving these goals
and objectives will not be easy. The
CALFED program’s ultimate success
will depend on hundreds of actions,
small and large, at hundreds of locations. The goals will be achieved only
if there is widespread public support for
the values of ecosystem restoration.
First, the public must be convinced
that managing the Bay-Delta region on
an ecosystem scale will have large economic payoffs in the future, justifying
the multibillion-dollar, upfront investment that will likely be required. For
example, expanding the flood plain
along the Sacramento River (creation
of a “meander belt”) not only would
restore a variety of habitats for native
plants and animals (including rearing
areas for juvenile salmon), it could
also improve the reliability of water
supplies to Southern California by increasing the ability of flood-control
reservoirs to store water. If the flood
plain were larger, reservoirs such as
Shasta would not have to be drawn
down in winter to capture water for
flood control in preparation for big
storm events. The nightmare of water
managers is to drain a reservoir in
winter as a flood-prevention measure
and then not have enough rain to refill
it. An enlarged flood plain can essentially increase the storage capacity of
reservoirs without having to build
new dams because the excess water
has a place to go.
However, many of the actions taken
by CALFED through its member agen24 CALIFORNIA AGRICULTURE, VOLUME 54, NUMBER 2

cies, such as providing
water and habitat for
delta smelt, must be
taken without the immediate expectation of
economic gain. The
protection of delta
smelt must occur because the federal and
state endangeredspecies acts are essentially declarations that
it is morally wrong to
let a species go extinct
when we can prevent
it. Fortunately, actions
to protect smelt are
also likely to have
positive benefits to the
estuarine ecosystem,
which may eventually
translate into economic benefits such as improved fisheries for other species or improved
water quality at the pumps in the
South Delta. If the path envisioned by
CALFEDs strategic plan is taken, a
number of major positive events are
likely to occur in the CALFED region
(see box, p. 20).
The continued existence of natural
systems throughout central California will require an open-minded approach toward environmental protection and ecological restoration,
including recognition that we have
been borrowing from the future for
too long (NHI 1998). There is a massive environmental debt to repay in
California, which is reflected in the
degraded nature of so many of our
streams, lakes and estuaries. We can
fix things now, or we can wait until
conditions get worse and we experience even more strongly the loss of
benefits (spiritual and aesthetic as
well as economic) provided by
healthy ecosystems. The costs to repair our damaged environment become higher and higher the longer
we procrastinate. We should begin
the great task of restoration now.
The fish - and our descendah will be appreciative.
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The endangered California clapper rail is among dozens of plants, birds and animals
that must be considered as the CALFED strategic-planningprocess moves forward.
Ecosystem-based management is a fundamental concept in this multistakeholdereffort,
which seeks to improve the San Francisco Bay-Delta’s environment while ensuring the
reliability and quality of water supplies to agriculture and urban areas.

P.B. Moyle is Professor of Fish Biology,
Department of Wildlife and Fish Conservation, UC Davis. He zuas a member of the
core team that developed the CALFED
Strategic Plan for Ecosystem Restoration
and is currently a member of the CALFED
lnterim Science Board. His research is focused on the Sun Francisco Bay-Delta Estiiay and its watershed.
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