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INTRODUCTION

Thank you for the opportunity to participate in this Environmental Issues seminar
series. I am here because of my role as Executive Director of the Salton Sea Science
Subcommittee (Subcommittee) . Most of you are aware that increased interest in the
problems of the Salton Sea (Sea) have resulted in an interagency effort to enhance the
environmental quality of the Sea . William Steele of the Bureau of Reclamation will be
the seminar speaker on November 18, to discuss the processes underway to select an
engineering project to assist with goal achievement . During today's seminar, I will
provide some perspectives about the role of the Science Subcommittee in that process, but
that will not be my main focus . Instead, I will consider some of the ecological problems
causing the current interest in the Sea and present those problems in the broader context
of the seminar series theme of environmental issues for the 21` century . Wildlife health
as a function of water quality will be the underlying theme for my comments .

My focus on wildlife health is in part due to having spent the majority of nearly 40
years of work experience in wildlife conservation by addressing wildlife disease problems
I

Biological Resources Division, U .S . Geological Survey ; November 4, 1998 presentation at Arizona
Western College, Yuma, Arizona - Fall 98 Noon Discovery Series Seminar

due to various causes . The reluctance of many within the conservation community to
give adequate attention to wildlife disease ecology is a major reason for tlic
unprecedented occurrence of disease within free-ranging wildlife pop)i Illations . Wildlife
health is a significant issue at the Salton Sea and, on a broader scale, will clearly be an
important issue for the 21 t century. My goal is to provide some perspectives about this
issue by using the Salton Sea as an example of a current problem and as a focus to
illustrate some concepts that may stimulate your thoughts regarding the general issue of
water quality and wildlife health .

I will begin by providing some general perspectives about relations between water,
health, and disease before focusing on the Salton Sea as an ecosystem under stress .
Historical considerations about the Sea will be followed by socio-environmental
considerations and ecological problems of the Sea. This will be followed by comments
relative to problem resolution that will also include information about the Salton Sea
Science Subcommittee. I will then bring all of this together in a general discussion before
providing some brief concluding comments . 'The accompanying slides will illustrate and
provide a visual image of my comments .

WATER, HEALTH, AND DISEASE

The availability of fresh water to meet ever growing demands is a worldwide issue .
This need is especially intense in arid regions and was a focal point within a recent
workshop held in Mexico where it was noted that :
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"Water or perhaps more accurately the lack of
it, is one of the most pressing concerns for much
of the U .S.-Mexican borderlands . Since the
region is largely either arid or semiarid, it is a
chronically short of water ."

(Proceedings, ater and Health at the
U.S .-Mexico Border, 1997)

Water for wildlife is generally of low priority relative to providing water for most
basic human needs such as drinking water ; sanitation; and home, industry, agriculture,
and other uses that sustain society, including various aspects of economic development .
Quantity and quality are the two basic components of water important for humans and
other species alike. Because of the lower priority generally given to wildlife, the quality
of most of the water used by wildlife is often degraded by previous uses or natural
processes that have caused that water to be of limited use for humans .

Water quality issues are primarily health issues as noted in the 1997 U .S .-Mexico
Borderlands workshop, "The main reason to give water supply and sanitation special
emphasis is public health . . . .Clear understanding of the influence of water supply and
sanitation on health and disease is crucial in developing disease prevention strategies ."
Despite the focus on industrial effluents and agricultural chemicals in the industrial
world, waterborne human health problems are primarily associated with microbial
pathogens and parasites rather than chemical contamination (Nash 1993) . The same is
true for wildlife.

A past evaluation of causes of human disease indicated that approximately 250
million new cases of waterborne disease are reported each year, resulting in about 10
million deaths (Nash 1993) . Individual die-off events of wildlife asso ' e
habitats commonly claim tens of thousands of birds from disease
i su
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and avian botulism . Thus, humans and wildlife have a comm na y of outcome from
disease associated with water quality . Wildlife are also victimized by failure of humans
to consider water quality relative to impacts on wildlife health . As a result, disease in
wildlife populations has reached a level of prominence that is reminiscent of human
plagues of past centuries . The Salton Sea is an example of an ecosystem with poor water
quality and significant levels of wildlife disease . However, disease is not the only
environmental problem of the Sea.

THE SALTON SEA - AN ECOSYSTEM UNDER STRESS

Historical Considerations

A basic understanding of the history of the Salton Sea is relevant to understanding
the current ecological problems of the Sea . Tens of thousands of years ago, the Pacific
Ocean covered the area where the Salton Sea lies . At that time, the Pacific extended
northwesterly from its present location within the Gulf of California to near the San
Gorgonio Pass about 90 miles east of the area that is now Los Angeles and across the
Colorado Desert to the general location of where we are meeting today (Kennan 1917) .
However, landscape changes since then have been such that I knew I was not flying into a
coastal city when I booked my flight to Yuma to be here today .
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The landscape changes that resulted in Yuma being in a desert environment were
the result of natural forces of environmental change . Sediment deposit
Colorado River eventually formed a levee in the shape of a delta

plti9
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4hought to be 10

miles in width by 30 miles in length, extending from the preset=si e of Yuma to the
Cocopah Mountains at Black Butte . This levee separated the

ulf of California into two

segments . A landlocked saltwater lake completely filled the upper basin region and the
lower basin was maintained as an ocean water body (Kennan 1917) . I suspect that if
those changes were taking place today, human intervention would occur in an attempt to
maintain Yuma as the thriving coastal seaport it might have been . However, human
intervention was not a factor then and natural process continued to control landscape
change . Over time, evaporation in this hot desert climate resulted in the landlocked
saltwater lake becoming a dry arid basin, now known as the Salton Sink, a depression of
about 100 miles in length by 35 miles in width . At the time of becoming dry, this
depression had a maximum depth of approximately 1,000 feet below sea-level and was
covered with an incrustation of salt in the deeper level of the depression floor (Kennan
1917).

It is also likely that had modern human society been present following the
development of that inland sea, there would have been human intervention to maintain or
enhance that ecosystem to meet human values . This might have included water corridors
of some type connecting the Sea and the ocean and other actions . It is not likely that
physical factors would have been allowed to function unabated to create the Salton Sink
described above . However, there was no human society to intervene and the Salton Sink
was created.
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Under natural conditions, the Salton Sink was not a static environment .
Periodically over time, flows from the Colorado River, augmented by

om the Gila

River, refilled the Salton Sink with freshwater . These flows are th oy ht o have begun in
` y N/
Middle Tertiary times and resulted from changes in the course of the lower stretches of
the River. The Salton Sink experienced multiple periods of

oding and drying at four to

five hundred year intervals associated with the meandering of the Colorado River . A vast
freshwater lake referred to as Lake Cahuilla was the most substantial of the waterbodies
resulting from the flooding .

Kennan (1917) reported that the Salton Sink had been dry from at least 1540 to
1902 . However, this area received flood waters from the Colorado River on at least four
occasions during the period of 1849 to 1900 (1849, 1862, 1891, and 1900) . These waters
resulted in ephemeral streams and lakes, all of which evaporated in less than a decade
(Koenig 1971) . During 1901, water for irrigation was for the first time intentionally
brought into the area from the Colorado River and stimulated settlement of the area . By
1904, more than 10,000 settlers had come to what is now known as the Imperial Valley
and 20,000 acres of land were being cultivated . An additional 200,000 acres was also
covered by water stock (Kennan 1917) . The following year, excessive water flows in the
Colorado River breached an irrigation control structure allowing virtually the full flow of
the River into the Basin . Control of these flows to prevent further flooding of the Basin
was not complete until late January 1907 and left behind the Salton Sea .
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Socio-environmental Considerations

There are several important considerations associated with tI e ;current Salton Sea
t
that differ from past water bodies that have been formed in the alton Sink . The
establishment of human society as a major component of this cosystem is a significant
change from the past . This factor results in human values that have economic
components which are part of the environmental issues associated with the current Sea .
Also, human intervention at a larger landscape scale involving such factors as water
storage, delivery, and allocations eliminates further potential for periodic flooding or
other free-flows of the Colorado River waters into the Salton Sink . Therefore, an
interdependent socio-economic-environmental bonding has developed with the Salton Sea
ecosystem . However, the physical factors inherent in this arid region challenge the ability
of the ecosystem to support the human values . An annual evaporation rate of 5 .5 feet of
surface waters due to evaporation leaves behind any salts present in those waters, thereby
increasing the salinity of waters that remain in the Sea . Sustainability of water of
sufficient amount and quality to meet human needs and values under these conditions is
an environmental challenge shared by many arid regions of the world and is a current
focus at the Salton Sea .

The Sea has a current elevation of -22,7 feet below sea level, is approximately 35
miles long by 15 miles wide, has an average depth of 29 .9 feet with a maximum depth of
51 feet . This large surface area makes the Sea the largest inland body of water in
California . The formation of this large-scale oasis in the desert quickly resulted in the
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Sea becoming a recreational playground for southern California and prompted economic
development other than agriculture, thereby expanding human derived

from the

area. Water is the basic foundation required to support these values elgAever, rising
levels of salinity due to natural processes and other degradatio of water quality is
B
jeopardizing many of the values associated with
w
the Sea . Huan intervention is n eeded
to protect those values .

The key point is that current ecological issues associated with the Salton Sea are
those involving human values and require the artificial maintenance of an altered
ecosystem, rather than restoration of an ecosystem to repair a breakdown of functional
relations within natural biological and physical systems . This type of problem is a
product of modern society and one that will need to be fixed with increasing frequency in
the 21St century . Modern society has greatly altered the natural landscape and in doing so
has created modified ecosystems that have underlying natural processes that are often in
conflict with human values and needs .

Floods and wildfires are examples of natural processes that humans selectively
attempt to prevent or control because of their impacts on human values . However, by
doing so, we affect other components of the natural systems dependent upon periodic
flooding and wildfires . We must then intervene to sustain the desired components of
flood and wildfire dependent natural systems in the ecosystems we have modified .
Reality is that while there is much rhetoric about preservation and restoration of our
natural world, modern society is seldom willing to accept the consequences of
catastrophic events and change that-naturally occur within ecosystems . This is especially
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true when we are closely associated with these ecosystems by habitation or are
economically dependent upon them . When the consequences of such

e are in our

n

unizes disruption

personal "back yard" we prefer to modify the system in a way that
and maintains the conditions of value to us .

Humans are now an important component of the natural world . Because of our
growing numbers, our presence creates impacts that require intervention if we are to
thrive as a species . The crux of many environmental issues involves human values
relative to when and where intervention is warranted and the type of intervention to take
place. This is true for the Salton Sea . There are those who advocate letting the Sea "die"
and others who are seeking millions of dollars to "restore" it . The broad spectrum of
interests relative to what is done in response to the current environmental problems of the
Sea is reflected in the wide diversity of membership of the Salton Sea Science
Subcommittee and efforts by others to gain Subcommittee membership .

Ecological Problems of the Salton Sea

As just noted, the ecological issues of the Salton Sea are a result of human values
and impacts . Human settlement of the area was initially stimulated by agricultural
opportunities . Additional settlement took place in response to economic opportunities
associated with human needs for goods, services, and housing . Creation of the Salton Sea
added new dimensions including a focus for the area to be developed for tourism and
outdoor recreation . As early as the late 1920s, major speedboat racing events were
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brought to the Sea. Early shoreline development included a yacht club, golf course, and
housing . Shoreline development accelerated in the late
early

1970s

(Laflin et al.

1995) .

1950s

and conenAQinto the

Camping, boating, swimming, and,tivat6r skiing became

reasons for people to come to the Sea . The successful introduc ion of saltwater fish from
the Gulf of California resulted in the Sea being acclaimed for port fishing by the

1960s .

The introduction of tilapia into the sea has added to the fishery and provided virtually an
unlimited food base for fish-eating birds .

Ecologically, the Sea has become an important wetland within the Pacific-Flyway
that has increased in value over time because of the severity of wetland losses within
California and elsewhere within the Flyway . The Sea has served an unintentional habitat
mitigation role that is reflected in the millions of bird-use-days during migration and by
the more than 380 species that have been observed at the Sea . This diversity of avifauna
is unequaled in the western United States and has established the Sea as a premier bird
viewing area .

Agriculture is a powerful force in landscape change and one that has both direct
and indirect impacts relative to the Sea . Agricultural drainwater is the "life blood"
sustaining the Sea in this desert environment that has reduced all previous water bodies of
the Salton Sink, including the vast original inland saltwater sea, to dryness . Current water
flows into the Sea are approximately 1 .3 million acre feet per year and are in equilibrium
with annual evaporation of a similar amount of surface water from the Sea . Nearly all of
the flows into the Sea are irrigation drainwater. The vulnerability of the Sea to drying
without agricultural drainwater is reflected in the water levels the Sea originally filled to
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and then receded to before agriculture was fully developed in the area . In 1907, the Sea
filled to a level of -195 feet below sea level when flows from the Colorad aver into the
f
Salton Sink were stopped . At this level the Sea had a maximum wate
th of 83 feet
above the pre-flood level of the Salton Sink (Koenig 1971) . By 10 , the level of the Sea
had dropped to -250 feet below sea level which is 23 feet lo

an the current elevation

of the Sea (Laflin et al. 1995).

The key points to be considered are that the Salton Sea is a human modified
ecosystem, it is being maintained by human actions, and this ecosystem supports a
diversity of values, none of which existed for this area during the 19` h century . The
ecological problems of the Sea are associated with maintaining and enhancing the values
humans place on the Sea and assuring the sustainability of these values for the 21

S`

century. A Salton Sea restoration project has been initiated for this purpose .

Restoration in the classical sense of return to a natural condition is not an
appropriate perspective for the Salton Sea . Instead, what is being pursued is the
establishment and maintenance of environmental conditions that will provide the values
humans want to derive from the . Sea. These values are reflected in the specific areas for
focus within the Salton Sea Project .

1.

Maintain the Sea as a repository for agricultural drainage from the Imperial and
Coachella Valleys .

2.

Provide a safe, productive environment for resident and migratory birds and
endangered species .
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3.

Restore recreational uses of the Sea .

4.

Maintain a viable sportfishery .

5.

Provide opportunities for economic development along th

feline.

Agriculture is dependent upon sufficient water to flush salts deposited by Colorado
River irrigation water from the soils being irrigated . The "plumbing system" used for salt
removal results in the salts being deposited in the Sea as the terminal outlet and collection
basin for the waters from the surrounding lands . The current salinity of the Salton Sea is
44 ppt ., a level that is 26% greater than ocean water . Each year the salinity of the Sea
increases by 0 .4 of one percent . This rate will remain constant as long as the current
equilibrium is maintained between inflows and evaporation . Continued increases in
salinity will soon cause a collapse of fish populations thereby eliminating the sportfishery
value and the foodbase for fish-eating birds that utilize the Sea . Current salinity levels
have already reduced recreational uses of the Sea, thereby reducing the economic vitality
of the area and inhibiting shoreline development . Obviously, salinity of the Salton Sea is
a major environmental problem . How to address this problem is a major issue within the
local and regional area . The salt deposited in the Salton Sea is the salt brought to the area
via irrigation water from the Colorado River . Without irrigation drainwater, there would
be no Sea . Thus, we have the dilemma of an artificially maintained water body that
provides numerous benefits being jeopardized by the process of maintenance due to
natural physical processes that are beyond our control, . Therefore, to maintain those
benefits we must call upon our ingenuity and technology to compensate for the impact of
those natural processes .
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Disease occurrence is another major environmental problem of the Sea . Since
1992, disease outbreaks among migratory birds using the Sea have occurre with
unprecedented frequency, severity, and multiplicity of cause . The notoriety associated
with a large 1996 mortality of pelicans from avian botulism did, rndch to place the Salton
Sea in the national spotlight . That outbreak killed more than

ercent of the western

population of white pelicans and more than 1,000 endangered California brown pelicans .
Previously, more than 150,000 eared grebes died during a 1992 outbreak due to an
unknown cause that was most likely algal toxins . Other diseases such as avian cholera
and salmonellosis have also taken their toll of bird life at the Sea . Water quality, not
salinity, is often an important factor regarding the occurrence and magnitude of losses
from the disease mentioned . Although salt loading of the Salton Sea is a natural process
involving salts from the Colorado River, the nutrient loads entering the Sea from the
surrounding area are not . The relations between nutrient loads and disease outbreaks in
birds at the Sea has not been studied but will be . Linkages between avian botulism,
salmonellosis, and nutrient loading may be found as a result of such studies .

An unusual finding at the Salton Sea is the occurrence of type C botulism in fish
eating birds . Preliminary investigations suggest an association between fish and pelicans
that has not been documented elsewhere . This appears to be a product of the modified
ecosystem and the environmental conditions that have become established .

Algal blooms are common on the Sea and are directly linked to the nutrient
loading that is occurring . Algal blooms also appear to be an important factor contributing
to the massive fish kills that occur at the Sea . A variety of bacterial and parasite disease
agents have also been isolated from dead and dying fish .
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Human health is another environmental concern at the Sea but one for which no
documentation exists that health problems have occurred . Disease preventon is the focus
for these concerns and is reflected by the 1986 California Departme

Health Services

issuance of a health advisory regarding the consumption of fis 'from the Sea because of
selenium levels . Concern also exist regarding levels of other

emical contaminants

reaching the Sea from agricultural activities of the surrounding area. In addition, the
discharge of inadequately treated wastewater into the New River at Mexicali, Mexico has
raised concerns regarding the transport of human pathogens and toxic chemicals into the
Sea along with water flows from the New River .

The occurrence of massive bird and fish die-offs and perception of human health
problems have probably been a factor in reduced recreational uses of the Sea and resulted
in diminished economic development along the shoreline . Another factor affecting
shoreline development has been unstable water levels . Increasing water levels have
flooded building, roads, and agriculture areas resulting in considerable economic losses .
Because of the flatness of the adjacent landscape, relatively small increase or decrease in
water levels can either inundate or dry a large amount of the surrounding area .
Development of marinas, other recreational facilities, and housing that are in close
proximity to the waters edge has become an unwise investment because of the instability
of the Sea's water level . Wildlife have also been impacted . The majority of National
Wildlife Refuge lands are now under water . This loss of habitat has affected some
species such as white pelicans which still use the Sea, but no longer nest there due to loss
of their nesting areas by flooding .
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Although previous concerns primarily focused on rising water levels, the
predictable future suggests that less water will be reaching the Sea . EqY
concerns associated with reduced water flows included increased sa

ental

v, of the Sea; loss

10
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of important nesting areas for some bird colonies ; greater entrophication due to reduced
water depths (this will result in additional algal blooms) incre ed numbers and severity
of fish kills due to anoxic water conditions during peak summer temperature periods ; and
toxic materials in exposed sediments that may become airborne hazards for human health .
It is also likely that disease events in birds and fish will increase if major reductions in
water volume occur without enhancement of water quality .

PROBLEM RESOLUTION

The problems of the Salton Sea have been deemed to be of sufficient importance
that in December 1997, Secretary of Interior Bruce Babbitt initiated an interagency
collaborative effort to address these problems . A Science Subcommittee to provide
objective scientific information to guide management decisions for the problem
restoration process was established as part of this interagency effort . I was appointed to
head that Subcommittee which is currently composed of individual representatives from
six federal agencies, the Torres Martinez Desert Cahuilla Indians, three State of
California agencies, three local government agencies, two water districts, and three
representatives from the university community . In addition, three organizations have
been invited to participate as ex-officio members representing interests in Mexico .
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Our Subcommittee is an independent body that has three primary scientific
functions associated with the Salton Sea project . These functions are :

1.

information and data analysis to determine what is kno n and what critical
information gaps need to be addressed ;

2.

scientific coordination to minimize duplication of effort and maximize
opportunities for scientific collaboration and synergy of efforts ; and

3.

information synthesis and distribution to enhance the scientific efforts of others .

Subcommittee responsibilities are limited to considerations associated with
ecological assessments . Request for proposals are developed by the Subcommittee for
critical science needs and external peer review is used to assist in the evaluation of
proposal received . Proposals selected are forwarded to the interagency Research
Management Committee for approval and funding . Subcommittee members monitor the
scientific progress of each contract awarded . Science information needs considered by
the Subcommittee are directly related to addressing management needs, as are all the
scientific evaluations undertaken by the Subcommittee . The University of Redlands
serves the Subcommittee as a centralized database and repository for scientific
information gathered .
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The key points to note are that the Science Subcommittee is not charged with
developing solutions or contributing alternatives for addressing the proje bjectives, nor
is the Subcommittee an advocacy body regarding any preferred manugert ent alternative .
This separation of responsibilities in intended to enhance both

e independence of

scientific evaluations and the strength of administrative decisi ns since those decisions
will, in part, be defended on the basis of the scientific information and evaluations
provided by our autonomous Subcommittee .

Problem resolution is a social issue regarding the course to be followed . Society
established the values to be addressed ultimately will establish and the costs it is willing
to bear in addressing those values. These costs are ecological as well as fiscal and must
be adequately understood in the decision process . Impacts of no action regarding any
aspect of the problem may be as important as any action that is taken . The role of science
is to provide sound information to facilitate wise decision regarding actions to be taken .

The problems of the Salton Sea are those of an ecosystem that is experiencing
significant degradation. This degradation is being expressed by fish and bird mortality
and clearly establishes the Sea as an ecosystem health problem . Environmental quality
factors such as salinity and entrophication are components of the "poor health" of this
ecosystem . The salinity component presents a special problem because it is time
sensitive . If salinity is not stabilized and/or reduced, valued components of the ecosystem
will no longer be present because they will not be able to tolerate the salt loads of the Sea .
When this happens, most of the project objectives will be unobtainable .
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This situation is somewhat analogous to be a patient who suffers a heart attack and
is also diagnosed with a chronic disease such as cancer . Unless the heart

k is

addressed to provide the short term survival of the patient, there is l1tfle
jnerit in
i t
addressing the cancer in an attempt to provide for the patient's o g term survival .
1
Salinity is the "heart attack" of the Salton Sea that must be addressed to stabilize the Sea
at a functional level that warrants the efforts and costs to address the other causes of "ill
health" that exist. This approach is facilitated by many years of previous effort to
evaluate various options for addressing salinity. However, salinity is not an end-point in
itself. If the chronic problems of the Sea are not also addressed, the patient will succumb
to "cancer" and the efforts to arrest the "heart attack" will have been wasteful of fiscal and
personnel resources and the patient (ecosystem) as well .

DISCUSSION

Resolving the ecological problems of the Salton Sea is a monumental undertaking .
As previously noted, there are those who say "why bother?" My short answer is why not?
Part of the reason for addressing the problems of the Sea is to "do it for the birds ." The
Salton Sea is an important component of the habitat base within the Pacific Flyway . It
has been noted that, "One of the best known functions of wetlands is as habitat for birds .
About one-third of the North American bird species use wetlands for water, food, shelter,
or breeding . About 138 of the 1,900 bird species in the contiguous United States are
wetland dependent . For wetland-dependent birds, habitat loss or degradation usually
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translates to population loss" (USGS 1996) . The Salton Sea is clearly an ecosystem
experiencing significant degradation based on the variety and frequency , d'disease
outbreaks .

At the start of this presentation, I drew your attention t `he affects of poor water
quality on human health and noted that wetland dependent wildlife suffer a similar fate . I
also noted that, in general, water allocations for wildlife are far down the priority scale
compared with providing water for human needs and that, as a result, wildlife are often at
the end of the proverbial pipeline regarding the quality of water available to them . This
situation is not likely to change considering the failure of society to provide adequate
quality and quantity of water to meet human needs . "As we now look to the 21" century,
several challenges face us . Foremost among them is how to satisfy the food, drinking
water, sanitation, and health needs of ten or twelve or fifteen billion people, when we
have failed to do so in a world of five billion" (Gleick 1993) . We will also need to find
ways to sustain the world's biodiversity for the various benefits and pleasure humans
derive from the species we share Planet Earth with . Developing and maintaining artificial
systems that provide many of the functions, services, and products of natural systems is
part of the solution .

I traced the history of the Salton Sink to illustrate that under natural conditions
waterbodies within this area go dry and noted that the Salton Sea is being artificially
maintained by the irrigation drainwater that flows into it . From one viewpoint, those
waters are the "life blood" of the Salton Sea, from another they are the precursors of
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ecosystem health problems, in part because of the harsh desert environment that
evaporates the water and leaves behind the salts contributed by the

Cole

ver water

used for irrigation . Additional degradation of this below sea-level ecosystem has been
caused by human intrusion resulting in major landscape changes including intensive
agriculture . Nutrient loading of the Salton Sea from fertilizer and other contaminati on
by chemical occurs due to runoff from adjacent farm lands further contributes to reduce
water quality .

I also noted that human intrusion has resulted in the development of strong
ecological, social, and economic bonds that have become an important force for the call
to "Save the Sea ." This effort is not one of restoration to natural conditions of 400-500
year periods between substantial waterbodies being present in the Salton Sink . Instead,
the focus is to maintain through artificial means, a Sea that provides a variety of selective
values that people of the region deem important . Water quality is a major factor that must
be adequately addressed for this effort to be successful . I will illustrate some
fundamental relations that exist between water quality and disease by the use of three
slides .

The first slide illustrates the basic components required for disease to occur. The
first point of this slide is that disease only occurs (the area of overlap) when a disease
agent comes in contact with a susceptible host . The second point is that environmental
conditions are often the dominant factor facilitating host-agent interactions that result in
disease . The second slide illustrates how water quality affects the potential for disease
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transmission to occur with sufficient frequency to result in outbreaks of multiple cases of
disease (epizootics) rather than self-limiting isolated cases . The third sli., is a model of
water quality parameters found to be important in the eruption of aver 'btulism . This
environmental disease (organism is present in sediments) is the'greatest cause of
waterbird mortality worldwide. There are many additional co ponents of disease that are
also associated with water quality and quantity that I will not discuss in the interest of
time. The illustrations just provided are basic fundamentals relative to water quality
considerations, but to date, have received little attention on behalf of wetland dependent
wildlife .

Water quantity, the other key component of water, is also a major factor relative to
health concerns . Because water is an essential component of ecological cycles,
availability attracts wildlife as well as people . However, wetlands began disappearing
within the United States with permanent settlement by Europeans . More than one-half of
the 221 million acres of wetlands that existed at the that time are gone . This has placed
added pressures on those that remain . Here in Arizona, less than one percent of the
landscape has wetlands, but that was not always the situation . During the mid-19t h
century, Arizona had a natural river-drainage system that flowed year-round and spanned
nearly every part of the State (Arizona State Parks 1989) . Since the late 1800s, streams
and wetlands throughout the State have been drained or modified, resulting in the loss of
more than one-third of the original wetlands (Dahl 1990) .
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California has substantially more wetland acreage than Arizona, but more than 90
percent of the State's original wetlands have been drained . Nevertheless

use of its

geographic location, California remains a critical area for migration l resting and feeding
by birds of the Pacific Flyway . The amount of bird use on site pceific areas is often
intense as there is little opportunity for "pasture rotation ." Th situation is somewhat
analogous to conditions in human populations where high population densities in the
absence of adequate sanitation to maintain water quality overwhelms the system and
disease becomes a common occurrence . The basic factors involved are those depicted in
the first two slides just shown . In essence "wildlife ghettos" develop . Further _
degradation of the environment through fecal contamination and other impacts by the
inhabitants compounds the effects of other contributions to the poor quality of the habitat .

Whether or not you personally care about birds in not an issue . This important
component of our ecosystem provides significant economic benefits to society through
non-consumptive and consumptive uses in addition to their various biological roles . I
have focused on birds as an example of value served by the Salton Sea . My focus on the
Salton Sea has been to illustrate the importance artificial or modified ecosystems have for
society . Resolving the issues of the Salton Sea present a great challenge, but what is
learned has important benefits . It will help us address an increasing challenge that must
be successfully met in the 21S` century - water for humans and wildlife alike . Not just
water, but water quality that sustains life rather than taking it .
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CONCLUSION

I conclude with the following thoughts for you to consider as)'e ;prepare to enter
the 21St century . "Freshwater is a fundamental resource, integr-1 to all environmental and
societal processes" (Gleick 1993) . "Without fundamentally new approaches to both
development and environmental protection, the widespread degradation of water quality
that we currently face could become an unmanageable crisis" (Nash 1993) . Waterborne
disease is one aspect of this crisis . Collectively and figuratively, wildlife health
represents the "canary in the coal mine" relative to the environment of the Earth . The
wildlife of the Salton Sea clearly indicate that environment is in need of "restoration ."
However, "wetland restoration and creation is more an art than a science, and functional
replacement of wetlands has not been conclusively demonstrated" (Kentula 1996) . The
Salton Sea provides an important opportunity for artistic expression in the form of
wetland restoration that will have benefits for society that go beyond the "studios" where
this creativity takes place and the southern California "gallery" where this work in
progress is displayed .

Thank you for the opportunity to share my thoughts with you .
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