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FOREWORD

The mission of the U.S. Geological Survey
(USGS) is to assess the quantity and quality of the
earth resources of the Nation and to provide informa-
tion that will assist resource managers and policymak-
ers at Federal, State, and local levels in making sound
decisions. Assessment of water-quality conditions and
trends is an important part of this overall mission.

One of the greatest challenges faced by water-
resources scientists is acquiring reliable information
that will guide the use and protection of the Nation’s
water resources. That challenge is being addressed by
Federal, State, interstate, and local water-resource
agencies and by many academic institutions. These
organizations are collecting water-quality data for a
host of purposes that include: compliance with permits
and water-supply standards; development of remedia-
tion plans for specific contamination problems; opera-
tional decisions on industrial, wastewater, or water-
supply facilities; and research on factors that affect
water quality. An additional need for water-quality
information is to provide a basis on which regional-
and national-level policy decisions can be based. Wise
decisions must be based on sound information. As a
society we need to know whether certain types of
water-quality problems are isolated or ubiquitous,
whether there are significant differences in conditions
among regions, whether the conditions are changing
over time, and why these conditions change from
place to place and over time. The information can be
used to help determine the efficacy of existing water-
quality policies and to help analysts determine the
need for and likely consequences of new policies.

To address these needs, the U.S. Congress appropri-
ated funds in 1986 for the USGS to begin a pilot pro-
gram in seven project areas to develop and refine the
National Water-Quality Assessment (NAWQA) Pro-
gram. In 1991, the USGS began full implementation of
the program. The NAWQA Program builds upon an
existing base of water-quality studies of the USGS, as
well as those of other Federal, State, and local agencies.
The objectives of the NAWQA Program are to:

* Describe current water-quality conditions for a

large part of the Nation’s freshwater streams,
rivers, and aquifers.

* Describe how water quality is changing over
time.

* Improve understanding of the primary natural
and human factors that affect water-quality
conditions.

This information will help support the development
and evaluation of management, regulatory, and moni-
toring decisions by other Federal, State, and local
agencies to protect, use, and enhance water resources.

The goals of the NAWQA Program are being
achieved through ongoing and proposed investigations
of 60 of the Nation’s most important river basins and
aquifer systems, which are referred to as study units.
These study units are distributed throughout the
Nation and cover a diversity of hydrogeologic settings.
More than two-thirds of the Nation’s freshwater use
occurs within the 60 study units and more than two-
thirds of the people served by public water-supply sys-
tems live within their boundaries.

National synthesis of data analysis, based on
aggregation of comparable information obtained from
the study units, is a major component of the program.
This effort focuses on selected water-quality topics
using nationally consistent information. Comparative
studies will explain differences and similarities in
observed water-quality conditions among study areas
and will identify changes and trends and their causes.
The first topics addressed by the national synthesis are
pesticides, nutrients, volatile organic compounds, and
aquatic biology. Discussions on these and other water-
quality topics will be published in periodic summaries
of the quality of the Nation’s ground and surface water
as the information becomes available.

This report is an element of the comprehensive
body of information developed as part of the NAWQA
Program. The program depends heavily on the advice,
cooperation, and information from many Federal,
State, interstate, Tribal, and local agencies and the
public. The assistance and suggestions of all are
greatly appreciated.

ﬂa&w‘ m. Weraed

Robert M. Hirsch
Chief Hydrologist
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Aquatic Biology of the San Joaquin-Tulare Basins,
California: Analysis of Available Data Through 1992

By Larry R. Brown

ABSTRACT

Available data on the biology of fish, aquatic
macroinvertebrates, aquatic algae, and concentra-
tions of trace elements and organic pesticides in
aquatic biota were analyzed to provide a concep-
tual overview of these issues in the San Joaquin—
Tulare Basins study unit of the National Water-
Quality Assessment Program. This conceptual
overview will guide the study designs for assess-
ments of the structure of biological communities
and occurrence of contaminants in tissues. These
studies are an integral part of the multidisciplinary
approach of National Water-Quality Assessment
Program.

The native fish fauna of the San Joaquin-
Tulare Basins study unit included 21 species of
fish. Of these, 14 species and 1 subspecies were
endemic to California. Abundance of native spe-
cies declined beginning in the mid-1800's as a
result of habitat loss, introduction of exotic spe-
cies, and changes in land and water use. The con-
struction of reservoirs and diversion dams was
especially detrimental because the altered physi-
cal conditions downstream from dams favored
introduced species. Streams on the San Joaquin
Valley floor now are dominated by introduced spe-
cies, and native species are rare, extirpated, or
extinct.

Historical information on native benthic
macroinvertebrates and benthic algae in the study
unit is limited, but it is likely these taxa have
declined in distribution and abundance. In addition
to physical changes associated with water devel-
opment, exotic fish and invertebrates introduced
into high-altitude lakes and streams that were nat-

urally without fish likely have affected the native
fauna through predation and competition.

The biology of fishes is significantly affect-
ed by altitude, stream gradient, stream order (size),
and correlated physical and chemical aspects of
the aquatic environment. Responses of individual
species to these physical factors result in patterns
of species cooccurrence that can be described as
different assemblages. The rainbow trout assem-
blage is associated with cold, clear, steep headwa-
ter streams and altitudes greater than 1,500 feet
above sea level. The squawfish-sucker-hardhead
assemblage is associated with moderate stream
gradient, warmer temperatures, and altitudes rang-
ing from about 100 to 1,500 feet above sea level.
Introduced species may be present in both of these
assemblages and are replacing native species in
some areas. The deep-bodied fish assemblage that
originally existed on the valley floor has been
almost completely replaced by introduced species.
The California roach assemblage is associated
with small intermittent streams and has been
replaced by green sunfish and mosquitofish in
some areas.

Benthic macroinvertebrates and benthic
algae have not been studied as often as fishes.
Benthic macroinvertebrate studies indicate that
intermittent streams support a different group of
species than perennial streams. Data on benthic
algae are so limited that generalizations are not
possible, although data on phytoplankton indicate
increasing species richness with decreasing
altitude.

A considerable amount of data is available
on trace elements in biota in the study unit. At least

Abstract 1



four tissue samples from fish or bivalve mollusk
(Corbicula fluminea) have been analyzed for each
of 21 trace elements; trace elements of particular
interest, such as selenium and mercury, have been
sampled more intensively, with hundreds of sam-
ples collected. Nineteen elements were detected,
and concentrations of 10 trace elements exceeded
California criteria used to screen results. Of these,
arsenic, boron, molybdenum, and selenium are of
the most concern in the study unit.

Organic pesticides in biota have been stud-
ied less than trace elements, but some data are
available. Thirty-five chemicals have been detect-
ed in the tissues or lipids of fish and Corbicula.
Most of these pesticides were present in low con-
centrations, but several exceeded California crite-
ria. The exceptions included total chlordane, total
DDT, hexachlorobenzene, toxaphene, and chemi-
cal group A.

Limited data were available for the study
unit on the effects of dissolved solids or atmos-
pheric acid deposition on biota, toxicity of surface
waters to biota, biological indicators, or distribu-
tion and abundance of microorganisms in surface
water. Laboratory experiments showed that con-
centrations of dissolved solids in agricultural
drainwater caused mortality and limited growth of
chinook salmon and striped bass. Atmospheric
acid deposition is not a threat to biota at this time,
but experiments indicate that some benthic mac-
roinvertebrates and benthic algae are sensitive to
changes in acidity and may serve as bioindicators.
U.S. Geological Survey data indicate a general
pattern of increased densities of fecal-indicator
bacteria at lower altitudes. However, Giardia, a
protozoan, is widespread in the study unit. Bio-
assays have been useful for determining toxicity
levels of surface water in the study unit but have
not identified specific contaminants or groups of
contaminants. A test of the Index of Biotic Integ-
rity indicates that its usefulness may be limited in
the San Joaquin—Tulare Basins study unit.

INTRODUCTION

The quality of the Nation's ground- and surface-
water resources is being degraded by various human
and natural processes. Existing data generally are inad-
equate to assess the status and trends in water quality of
large regions and the Nation. In 1991, the U.S. Geolog-
ical Survey (USGS) began to implement a full-scale
National Water-Quality Assessment (NAWQA) Pro-
gram to integrate information about water quality at a
wide range of spatial scales, from local to National, and
to focus on water-quality conditions that affect large
areas or occur frequently within numerous small areas.

The San Joaquin—Tulare Basins study unit, Cali-
fornia (fig. 1), was selected as one of the first 20
NAWQA study units for full-scale implementation.
Key factors of concern in the study unit are concentra-
tions of pesticides, nutrients, and naturally occurring
trace elements in surface and ground water, and con-
centrations of pesticides and trace elements in biota.
Study design and selection of sampling locations in the
study unit will be influenced by availability of existing
information for various constituents of concern. Retro-
spective reports (review and analysis of existing data
for a particular constituent or set of constituents) for
each study unit are one of the first major products of the
NAWQA Program. This report presents an analysis of
available information on aquatic biology in surface
water for the San Joaquin-Tulare Basins study unit,
with emphasis on fish, benthic macroinvertebrates,
benthic algae, and concentrations of trace elements and
organic pesticides in aquatic biota.

The surface-water component of NAWQA Pro-
gram includes studies of aquatic biology in conjunction
with physical and chemical studies of water and bed
sediment. Studies of chemical contaminants in aquatic
organisms determine which contaminants are biolog-
ically available, their concentrations, and their spatial
distribution. Investigations of fish, invertebrate, and
algal communities coincide with studies of the physi-
cal and chemical characteristics of surface water, with
the goal of a better understanding of the interrelation
among them. Results of these studies may lead to the
development of biotic-community measurements to
evaluate water quality. In many cases, the study-unit
investigations of biological communities provide use-
ful, basic information on spatial distribution and rela-
tive abundance of organisms.
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Presently, the fish fauna of the valley floor is
dominated by introduced species. In a recent study of
valley floor fishes, up to 27 percent of the species at a
site were native (Saiki, 1984). In many places, native
species were extremely rare, and the few present were
tolerant of harsh conditions. The thicktail chub is
extinct and the Sacramento perch has been extirpated
from its native valley floor habitat. In the foothills, pop-
ulations of native fishes are still present, but most
appear to be declining (Moyle and Nichols, 1974;
Brown and Moyle, 1987, 1992) due to isolation by
downstream reservoirs from sources of recolonization
and the continuing invasion of introduced species.
Deer Creek (fig. 1, inset), the largest stream in the Sac-
ramento or the San Joaquin Valleys that does not have
a large impoundment, has maintained its native fish
fauna (Moyle and Baltz, 1985). The continued exist-
ence of the Deer Creek native fish fauna supports the
hypothesis that impoundments are a major factor in the
decline of native fishes in the San Joaquin-Tulare
Basins study unit.

Historic runs of chinook salmon in the San
Joaquin River drainage, which includes the Merced,
the Tuolumne, and the Stanislaus Rivers (fig. 4A4), were
estimated as from 300,000 to 500,000 fish (Lufkin,
1991). Salmon runs (table 3), now small compared
with former levels, are partially supported by hatchery
production. The Friant Dam (fig. 4A4) eliminated the
last population of spring-run chinook salmon in the
upper San Joaquin River drainage by blocking access
to cold upstream habitat where these fish resided from
spring (about March—May) until spawning in early
autumn and by eliminating spring flows needed for
downstream migration of juveniles,

Fall-run chinook salmon also have been elimi-
nated from the San Joaquin River by the Friant Dam.
Populations of fall-run chinook salmon have declined
in the Merced, the Tuolumne, and the Stanislaus Rivers
because dams have blocked access to historic upstream
spawning grounds, and the remaining spawning habitat
has been degraded by sedimentation with fine materials
and loss of gravel sources from upstream areas. In
1990, fewer than 1,000 adult salmon were counted in
the San Joaquin River drainage (California Depart-
ment of Fish and Game, 1991a). Even populations of
introduced species have declined, including striped
bass (Morone saxatilis) and American shad (Alosa
sapidissima). Delta smelt (Hypomesus transpacificus)
probably were in the lower reaches of the study unit
before development of water resources, but are now
restricted to the Sacramento—San Joaquin Delta and
have been listed as threatened by the U.S. Fish and

Wildlife Service. Recovery of the native fishes seems
highly unlikely under present habitat and water-
management conditions.

Benthic Macroinvertebrates and Algae

Studies of benthic macroinvertebrates and algae
in the study unit have been less intensive than studies
of fishes, and the responses of these taxa to physical
changes in the system are unknown. Benthic macroin-
vertebrate have been studied in single drainages, usu-
ally to meet very specific research objectives; for ex-
ample, Abell (1977) and Melack and others (1987,
1989). Benthic algae have been studied even less
intensely than benthic macroinvertebrates. Some
research programs concerned with atmospheric acid
deposition have studied high-altitude diatoms
(Holmes, 1986). Low-altitude diatoms have been stud-
ied in valley floor ponds only as part of selenium
cycling studies (Lawrence Berkeley Laboratory, 1987;
Parker and Knight, 1989). Because benthic macroin-
vertebrates and benthic algae are so poorly docu-
mented, the effects of historical disturbances on
community structure and function probably are not
fully understood.

These taxa also likely have declined in abun-
dance and distribution in response to the modifications
of habitat and biota mentioned previously. In parti-
cular, stocking rainbow, brown, and brook trout into
high-altitude lakes and streams, which were naturally
without fish, may have affected native invertebrate
populations negatively. Given the tendency of many
fishes to consume the largest, most easily caught prey
available, size distributions of organisms and possibly
species composition in such habitats likely would have
been affected. Endemic taxa in such habitats probably
would be ill-equipped to avoid introduced predators.
At lower altitudes, the introduction of three species of
crayfish, Procambarus clarki, Orconectes virilis, and
Pacifasticus leniusculus likely has affected native
macroinvertebrates (Riegel, 1959). Competition from
other introduced biota also may be a factor. The amphi-
pod Hyallela azteca and the macroalga Nitella were
introduced to the Rae Lakes (fig. 4B), at the headwaters
of the Kings River (Coleman, 1925) to improve the
food source for introduced trout. The asiatic clam, Cor-
bicula fluminea (referred to as Corbicula for remainder
of report), is the most common bivalve in the study
unit. It was already abundant in the San Joaquin Valley
when it was first collected in 1946 (Heinsohn, 1958).
The effect of this introduction on the native bivalves is
unknown. Another introduction with unknown conse-
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Table 3. Estimated number of fall-run chinook salmon returning to streams in the San Joaquin-Tulare Basins study unit
[<, less than; —, no data. Data were compiled by the San Joaquin Valley Drainage Program (1990a) from the sources listed]

San Joaquin River

Merced Tuolumne Stanislaus Mokelumne Cosumnes
Year ;zf:;?;:v‘:r River River River River River
Fry (1961)
1940 — 11,000 122,000 13 000 15,000 —
1941 — 11,000 127,000 11,000 112,000 11,000
1942 — — 44,000 — 112,000 —
1943 35,000 — —_ _ — —
1944 5,000 — 130,000 — — —
1945 56,000 — — — 6,000 —
1946 30,000 — 61,000 —_ — —_
1947 6,000 — 50,000 13,000 — —-—
1948 2,000 — 40,000 15,000 <500 —
1949 —_ —_ 30,000 8,000 1,000 —
1950 0 — —_— — — —
1951 0 — 3,000 4,000 2,000 —
1952 0 — 10,000 10,000 2,000 —
1953 0 <500 45,000 35,000 2,000 2,000
1954 0 4,000 40,000 22,000 4,000 5,000
1955 0 — 20,000 7,000 2,000 2,000
1956 0 20 6,000 5,000 <500 1,000
1957 0 2400 8,000 4,000 2,000 1,000
1958 0 2500 32,000 6,000 7,000 1,000
1959 0 2400 46,000 4,000 2,000 20
Fry and Petrovich (1970)
1960 0 400 45,000 8,000 2,000 1,000
1961 0 50 500 2,000 100 —
1962 0 60 200 300 200 1,000
1963 0 20 100 200 500 1,000
Reavis (1986)
1964 0 40 2,000 4,000 2,000 2,000
1965 0 90 3,000 2,000 1,300 800
1966 0 40 5,000 3,000 700 600
1967 0 600 7,000 12,000 3,000 500
1968 0 500 9,000 6,000 1,700 1,500
1969 0 600 32,000 12,000 3,000 4,000
1970 0 5,000 18,000 9,000 5,000 600
1971 0 4,000 22,000 14,000 5,000 500
1972 0 3,000 5,000 4,000 1,100 1,600
1973 0 1,100 2,000 1,200 3,000 900
1974 0 2,000 1,100 800 1,400 300
1975 0 2,400 1,600 1,200 1,900 700
1976 0 1,900 1,700 600 500 0
1977 0 400 400 0 300 0
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Table 3. Estimated number of fall-run chinook salmon returning to streams in the San Joaquin—Tulare Basins study unit—

Continued

San Joaquin River

Merced Tuolumne Stanislaus Mokelumne Cosumnes
Year l:eprs(:zia;‘i voefr River River River River River
Reavis (1986)—Continued
1978 0 600 1,300 50 1,100 100
1979 0 2,100 1,200 100 1,500 200
1980 0 2,800 500 100 3,200 200
1981 0 10,400 14,300 1,000 5,000 —
1982 0 3,000 7,000 — 9,000 —
1983 0 18,200 14,800 500 15,900 200
California Department of Fish and Game (1987)
1984 0 34,000 13,700 12,000 — —
1985 0 16,100 40,300 13,300 — —
1986 0 6,200 7,300 5,900 — —
1987 0 3,900 14,800 6,300 — —_
California Department of Fish and Game (1991a)
1988 32,300 3,200 6,300 12,300 —_ —
1989 3322 211 1,274 1,543 — _—
1990 3280 73 96 492 — —

! Estimates based on incomplete survey counts. 2 Data from Fry and Petrovich (1970).
3 Estimates of stray fish entering stream channels upstream of the confluence with the Merced River.

quences was the water hyacinth, Eichhornia crassipes.
This floating aquatic plant often reaches nuisance lev-
els for boaters in the lower parts of the San Joaquin
River and east-side tributaries, but its effects on the
ecology of the other plants and animals in the study unit
are unknown.

AQUATIC BIOLOGY

The biology of aquatic organisms in the Sacra-
mento and the San Joaquin Valleys is complex because
of the historical habitat diversity and the multiple
changes that have affected those habitats over time. For
example, the complex zoogeography of fishes has
resulted in a high degree of endemism (Moyle, 1976a).
Diverse habitats in the study unit include small Sierra
Nevada alpine streams, large Sierra Nevada streams,
the lower San Joaquin River, and small Coast Range
and Sierra Nevada foothill intermittent streams that
remain isolated from larger streams except during the
largest floods. Much of this diversity can be attributed
to the extreme altitudinal gradient from the peak of the
Sierra Nevada to the valley floor. Imposed on this nat-
ural complexity are agricultural and urban develop-
ment, development of water resources, and
introduction of exotic species.

Fish

The fishes of the San Joaquin-Tulare Basins
study unit have been the subject of a number of stud-
ies. Many of these studies were restricted in geograph-
ical scope, and none had incorporated long-term moni-
toring, except for counts of chinook salmon (table 3).
Major fish studies of the valley floor were done in the
San Joaquin Basin by Saiki (1984) and Jennings and
Saiki (1990). Most studies on the fishes of the foothill
areas have been done by Dr. Peter Moyle and his asso-
ciates (Moyle and Nichols, 1973, 1974; Brown and
Moyte, 1987), as have most of the integrative interpre-
tations (Moyle, 1976a; Moyle and others, 1982; Brown
and Moyle, 1992). Fish at higher elevations, rainbow
trout in particular, are monitored primarily by the Cal-
ifornia Department of Fish and Game (DFG). Despite
the tack of long-term monitoring and the geographical
complexities of the study unit, ecology of the fishes is
fairly well understood.

The ecology of native fishes is dominated by alti-
tude, stream gradient, stream order (size), and corre-
lated physical and chemical aspects of the aquatic
environment. In particular, water temperature, dis-
charge, depth, substrate, and turbidity are common cor-
relates of fish distribution in the study unit and other
areas of the Sacramento-San Joaquin River drainage
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(figs. 1, 4A) (Moyle and Nichols, 1973; Moyle and oth-
ers, 1982; Brown and Moyle, 1987). Individual
responses of fishes to these physical factors result in
patterns of cooccurrence among species that can be
described as fish assemblages. Though boundaries
between assemblages are not really distinct and the
assemblages tend to blend into one another, they do
provide a valuable tool for understanding fish ecology.
On a broader scale, these general patterns are typical of
fish assemblages in streams throughout the United
States and the rest of the world and have been recog-
nized for many years (Burton and Odum, 1945; Huet,
1959; Kuehne, 1962; Lotrich, 1973; Hocutt and
Stauffer, 1975). In the study unit, four fish assembla-
ges (rainbow trout, squawfish-sucker-hardhead, deep-
bodied fish, and California roach) have been identified
(Moyle and Nichols, 1973, 1974; Moyle, 1976a;
Brown and Moyle, 1987). Each assemblage is associ-
ated with particular combinations of habitat character-
istics (table 4).

The rainbow trout assemblage, at altitudes
greater than 1,500 ft, is associated with clear head-
water streams with a steep gradient. These streams are
perennial with swift-moving waters, abundant riffles,
cold water temperatures (rarely exceeding 21°C), and
high dissolved-oxygen concentration. The coarse sub-
strate is dominated by boulders, cobbles, and gravel.
Rainbow trout is the dominant species; however, small
numbers of riffle sculpin (Cottus gulosus), California
roach (Hesperoleucas symmetricus), Sacramento
squawfish (Ptychocheilus grandis), or Sacramento

suckers (Catostomus occidentalis) also may be pres-
ent. Originally, this assemblage probably did not occur
above altitudes of about 3,300 ft above sea level
because of barriers to fish movement, such as water-
falls. The upper limit of this assemblage has been
extended substantially by stocking trout to provide
sport-fishing opportunities. Species diversity in some
streams also has been increased by interbasin transfers
of Volcano Creek golden trout (Oncorhynchus agua-
bonita) from the Kern River (fig. 4B) and the introduc-
tion of brown trout and brook trout. The natural lower
limit of the assemblage, about 1,500 ft in the study unit
(Moyle, 1976a), has been extended to lower altitudes
by stocking trout into the cold, hypolimnetic water that
is present below some dams or by chemical treatment
to remove nongame fishes from streams that are mar-
ginal for trout, followed by stocking of hatchery trout.
The results of chemical treatments are largely tempo-
rary because the habitat favors fishes other than trout
(Moyle and others, 1983), and these species repopulate
within several years; thus, chemical treatment is no
longer common as a general management tool in Cali-
fornia. Recent chemical treatments have been used to
eradicate undesirable introduced species.

The primary natural exception to the 3,300-ft
altitudinal limit mentioned above are the streams of the
upper Kern River drainage (altitude greater than 6,500
ft). In these isolated, high-altitude streams, coastal
rainbow trout have evolved into two endemic species
and one endemic subspecies of trout. The Little Kern

Table 4. Habitat characteristics of streams typically associated with fish assemblages of the San Joaquin-Tulare Basins study

unit

[>, greater than; <, less than. Data from Moyle and Nichols, 1973, 1974; Moyle, 1976a; Brown and Moyle, 1987]

Squawfish-sucker-

Habitat characteristics Rainbow trout hardhead Deep-bodied fish California roach

Dominant habitat.............. Riffles ....ovvervrrnernreenennn, Deep pools.....cccccveerivenenne Large open channels, Shallow pools.

backwaters.
Common substrates.......... Boulder, cobble, gravel .... Boulder, cobble, gravel,  Sand, mud, silt.................. Cobble, gravel, sand, and
and sand. silt.

Altitude (feet above sea >1,500 100-1,500 <100 100-1,500
level).

Stream type ....cccoevvncrennnn Perennial...........o.ccuennee. Perennial............cccceveurnnene Perennial .......c.cccccovvmvennrene Intermittent.

Stream gradient ................ Y (5755 + RO Moderate.........ccovererrmrinnene Flat ..o, Variable.

Water velocity .................. Fast ..o Moderate.........ccceverrenrenne Variable........c.coveeereeennne. Variable.

Maximum water <21 >20 25-30 >30 in some streams.
temperature (°C).

Turbidity.....ccccorviruiriecrnnns Clear....ccccoeeenersrevenseenne Moderate...........oceceevenenee Turbid ..o Clear to moderate.

Dissolved oxygen............. High...oooviiriiine, Moderate..........cccnrencenenes Moderate to low............... Moderate to low.
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River golden trout (Oncorhynchus whitei) is listed as a
threatened species by the U.S. Fish and Wildlife Ser-
vice (USFWS). The Kern River rainbow trout (Onco-
rhynchus mykiss gilberti) and Volcano Creek golden
trout are classified as species of special concern by the
State of California (Moyle and others, 1989). The Kern
River rainbow trout has declined in abundance in
recent years and probably requires management of hab-
itat and introduced species to prevent them from
becoming threatened (Moyle and others, 1989). The
Volcano Creek golden trout has been stocked in many
waters of the Western United States and is not in danger
of extinction. However, native California populations
have declined in recent years. Threats facing all these
trout include hybridization with introduced coastal
rainbow trout (the natural stock in most drainages of
the Sacramento and the San Joaquin Rivers), introduc-
tion of brown trout and brook trout, and habitat degra-
dation primarily due to grazing (Moyle and others,
1989).

As stream gradients decrease and water temper-
atures increase, the rainbow trout assemblage grades
into the squawfish-sucker-hardhead assemblage. In the
study unit, this assemblage is largely restricted to an
altitudinal band from about 100 to 1,500 ft. Streams are
characterized by deep, rocky pools, shallow riffles,
minimum summertime discharge as low as 0.2 ft¥/s,
and summertime water temperatures that usually
exceed 20°C. This assemblage is dominated by Sacra-
mento squawfish and Sacramento suckers. Hardhead
(Mylopharodon conocephalus) usually are abundant
when present; however, they are naturally absent from
some streams in the study unit. Other native species in
this assemblage may include California roach, riffle or
prickly sculpin (Cortus asper), and rainbow trout.
Before construction of dams, these areas were used as
spawning habitat by chinook salmon, steelhead rain-
bow trout, Pacific lamprey (Lampetra tridentata), and
possibly white sturgeon. All but the sturgeon also used
these areas as rearing habitat for varying periods. The
squawfish-sucker-hardhead assemblage is being
replaced in some areas by introduced species (Moyle
and Nichols, 1973, 1974; Brown and Moyle, 1987,
1992). These introduced species include brown trout at
the higher altitudes, and smallmouth bass (Microp-
terus dolomieu), largemouth bass (Micropterus sal-
moides), spotted bass (Micropterus punctulatus), green
sunfish (Lepomis cyanellus), western mosquitofish
(Gambusia affinis), and carp at lower altitudes (Moyle
and Nichols, 1973, 1974; Moyle, 1976a; Brown and
Moyle, 1987, 1992).

The squawfish-sucker-hardhead assemblage
grades into the deep-bodied fishes assemblage on the
valley floor. Before development of water resources
and other habitat modifications, this assemblage was
dominated by thicktail chub, Sacramento perch, Sacra-
mento hitch, Sacramento tule perch, Sacramento black-
fish, and Sacramento splittail. Large Sacramento suck-
ers and squawfish also were present (Moyle, 1976a).
Now, only blackfish are abundant, and the other species
are rare, extirpated, or extinct (Saiki, 1984). The native
fishes have been largely replaced by various introduced
species that are better adapted to the drastically altered
physical habitat. These species include threadfin shad
(Dorosoma petenense), western mosquitofish, inland
silverside, red shiner, largemouth bass, white (Pomoxis
annularis) and black crappie (Pomoxis nigromacula-
tus), bluegill (Lepomis macrochirus), big-scale log-
perch (Percina macrolepida), white catfish (Ameiurus
catus), brown bullhead (Ameiurus nebulosus), carp,
and goldfish (Carassius auratus) (Moyle, 1976a; Saiki,
1984; Jennings and Saiki, 1990). This replacement is
due in large part to habitat loss and modification,
though competition and predation by introduced spe-
cies also may be a factor (Moyle, 1976a).

Native fishes probably were most common in
specific types of valley floor habitat. Deep-bodied
forms such as Sacramento perch, thicktail chub, Sacra-
mento hitch, and tule perch were likely to be in shal-
low, weedy nearshore and backwater areas. More
streamlined minnows, such as Sacramento blackfish
and Sacramento splittail, were mostly in large open-
water areas (Moyle, 1976a). Whether introduced spe-
cies now occupying the valley floor have formed cooc-
curring groups or assemblages among themselves is
not clear. Saiki (1984) compared values of Jaccard's
similarity index (based on presence/absence data)
among nine sites. Two of Sakai's sites were on the
Merced and the San Joaquin Rivers, upstream of the
irrigated valley floor but below Sierra Nevada foothill
dams. The upstream sites were more similar to each
other than to the valley floor sites. These sites were
characterized by Sacramento suckers, sculpins, Sacra-
mento squawfish, green sunfish, redear sunfish (Lepo-
mis microlophus), hardhead, and threespine stickle-
back (Gasterosteus aculeatus). The seven remaining
sites were on the valley floor. Each of the seven sites
was compared with every other valley floor site, for a
total of 21 comparisons. Fifteen of these comparisons
had high similarity values. Inland silverside, white
crappie, threadfin shad, fathead minnow (Pimephales
promelas), Sacramento blackfish and splittail, and
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striped bass were collected only at downstream sites.
This analysis indicates a high degree of species associ-
ation on the valley floor. However, how similarity
indexes incorporating relative abundances would mod-
ify this perception is unknown.

Small intermittent tributaries to larger Sierra
Nevada streams and the small intermittent streams of
the Coast Ranges are populated by the California roach
assemblage. In summer, these streams are character-
ized by intermittent flows and water temperatures that
may exceed 30°C in isolated pools. The dominant spe-
cies is the California roach, which is tolerant of high
temperatures and occasional low dissolved-oxygen
concentrations (Cech and others, 1990). Sacramento
suckers, squawfish, and hardhead commonly use these
streams as spawning and rearing habitat, so young-of-
year fish (less than 1-year old) of these species are
sometimes present. This assemblage has been replaced
by introduced green sunfish and western mosquitofish
in some areas. For example, roach are no longer found
in tributaries to the upper San Joaquin or the Fresno
Rivers (fig. 44) (Moyle and Nichols, 1974), as they
were in earlier studies (Evermann and Clark, 1931).
The presence of roach in the Chowchilla River drain-
age to the north and the Kings River drainage to the
south (figs. 4A, B) suggests that the extirpation of roach
was drainage specific, most likely due to anthropo-
genic factors (Moyle and Nichols, 1974; Moyle,
1976a), and not a natural phenomenon. This may be of
some concern because morphometric studies indicate
that roach populations from different drainages are
morphologically distinct from each other (Brown and
others, 1992). If these morphological differences are
genetically based, conservation measures may be
needed to preserve the distinct populations.

Despite rather extreme reductions in the range of
many native fishes, few species are rare enough to war-
rant Federal or State listing as threatened or endan-
gered. Exceptions are the Little Kern River golden
trout and the delta smelt (both Federally listed as
threatened). However, the delta smelt probably is no
longer in the study unit because of changes in habitat
and hydrology. Other native fishes of the study unit
either are extinct (thicktail chub), locally extirpated
(Sacramento perch), or present in the Sacramento—San
Joaquin Delta or the Sacramento River drainage (figs.
1, 4A; table 2).

Several fishes are recognized by the State of Cal-
ifornia as being of "special concern" and deserving of
increased attention. These species (C2—C4 in table 2)
are recognized as being in various states of distress and

without proper management are likely to become
threatened or endangered. This group includes the
Kern River rainbow trout, native populations of the
Volcano Creek golden trout, the Kern brook lamprey
(Lampetra hubbsi), an undescribed subspecies of the
California roach (San Joaquin roach), the hardhead,
and the Sacramento splittail. The Kern brook lamprey
and the Sacramento splittail were collected recently in
the study unit (Brown and Moyle, 1992; Saiki, 1984).
The USFWS considers the Kern brook lamprey a Class
2 species (existing information suggests listing as
threatened or endangered, but there is insufficient bio-
logical data to support a petition). The USFWS has
proposed listing the Sacramento splittail as a threat-
ened species. The Kern River rainbow trout, the Vol-
cano Creek golden trout, the San Joaquin roach, and the
hardhead are in no immediate danger, though the hard-
head may be declining (Brown and Moyle, 1987, 1992;
Moyle and others, 1989). Studies that have addressed
the distribution and abundance of fishes in the study
unit are summarized in table 5, along with limited stud-
ies on other taxa.

Benthic Macroinvertebrates

Benthic macroinvertebrates have not been stud-
ied to the same extent as fishes. The few studies that
have been done were site specific, usually in associa-
tion with a specific modification to the system, such as
a dam or surface-water diversion. The level of taxo-
nomic classification varies from study to study, mak-
ing comparisons difficult. Despite shortcomings of the
data, enough information is available to make some
general statements regarding invertebrate biology, par-
ticularly for insects. More than 400 taxa of benthic
macroinvertebrates have been collected in the study
unit (table 17, at back of report). Usinger (1956) pro-
vided keys for California species, though some of those
taxonomic descriptions have been updated.

Needham and Hanson (1935) collected benthic
macroinvertebrates as part of a 1934 stream survey of
the Sierra National Forest (fig. 4A4). They sampled 11
streams in the upper San Joaquin River drainage at alti-
tudes ranging from 3,400 to 10,000 ft above sea level.
Organisms were identified to order, but the data suggest
some simple patterns of relative abundance (based on
number of individuals). Trichoptera (caddisflies),
Ephemeroptera (mayflies), and Diptera (trueflies) were
present in all streams, indicating wide distributions.
Plecoptera (stoneflies) were present in 8 of the 11
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Table 5. Summary of biota studies in the San Joaquin-Tulare Basins study unit

[Do, ditto. Review papers or papers on California taxa outside of the study unit may be important to understanding the ecology of the biota. Some of these
studies referenced in the text are not included in this table]

Taxon

Study period

Spatial coverage

Literature citation

Algae (diatoms) ......

Algae
(phytoplankton).

Fish, zooplankton,
invertebrates.

Invertebrates...........

Biology as related to acid

Distribution and

Biology as related to acid

Distribution as related to
acid precipitation.

Biology as related to acid

Biology as related to acid

Species richness

Distribution and

Distribution as related to  July—-August
acid precipitation.

1985.

July-October
1985.

August 1984-July
1986.

June 1934.............

July—September
1970.

July 1980~
November
1981.

July-September
1986.

September—
November
1986.

July—October
1984.

July 1985-July
1987.

August—
September
1985.

July 1985-July
1988.

July 1984~
October 1985,
December
1984, March
1985, Novem-
ber 1985.

July-October
1984-86, July—
September
1087.

Annual sample
1981-88.

June 1934-
September
1937.

30 headwater lakes in the southern Sierra
Nevada.

26 sites in Emerald Lake, Kaweah River
drainage, and its inlet and outlet streams.

Emerald Lake, Kaweah River drainage .......

San Joaquin River at Friant........cococeennnnens

Sierra Nevada foothills. 130 sites in Tulare,
Fresno, Madera, Mariposa, and Tuolumne
Counties.

Seven sites on valley floor and two sites in
foothills below the reservoirs.

186 sites on east-side streams between the
Stanislaus and the Kern Rivers.

27 sites on the lower San Joaquin River,
associated canals and drains, and lower
reaches of some east-side tributaries.

Emerald Lake and one site in lake outlet,
headwaters of the Kaweah River.

Four lakes, four outlet streams, and one inlet
stream in headwaters of the Kaweah River.

Eight lakes, seven outlet streams, and one
vernal pond in headwaters of the Kaweah
River.

Four lakes, four outlet streams, and one inlet
stream in headwaters of the Kaweah River.

One lake, two sites in outlet stream, and four
inlet streams in headwaters of the Kaweah
River.

Four lakes, four outlet streams, and one inlet
stream in headwaters of the Kaweah River.

One site on the North Fork Kings River......

11 streams in the Sierra National Forest......

Holmes (1986).

Melack and others
(1987).

Do.

Needham and Hanson

(1935).

Moyle and Nichols
(1973, 1974).

Saiki (1984).

Brown and Moyle
(1987).

Jennings and Saiki
(1990).
Melack and others

(1987).

Cooper and others
(1988).

Melack and others
(1987).
Melack and others

(1989).

Melack and others
(1987).

Melack and others
(1989).

Ahern and White
(1990).

Needham and Hanson

(1935).
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Table 5. Summary of biota studies in the San Joaquin-Tulare Basins study unit—Continued

Taxon Topic Study period Spatial coverage Literature citation
Invertebrates— Distribution and abun- Various months Seven sites on Dry Creek, Fresno County ... Abell (1956).
Continued. dance—Continued. 1953-55.

September 1973- Two sites on the lower Kings River............. Burdick (1974).
September 1974.

January—April 45 sites in the Kaweah River drainage......... Abell (1977).
1976.

April and August 15 sites on Dinkey Creek, Kings River Abell (1978).
1978. drainage.

Monthly — Two sites on the lower Kings River and two  Gill (1982).
February—June sites on Mill Creek.
1981,
December
1981, January
1982.

February 1986...... Four sites on Dinkey Creek, Kings River Kings River

drainage. Conservation
District (1987).

Various months Various locations throughout study unit....... Don Burdick and

1981-90. Richard Gill (Cali-

fornia State Univer-
sity, Fresno,
written commun.,

1992).
Distribution and abun- Monthly—1980- Nine sites on the Cosumnes River ............. Bottorff and Knight
dance; trophic structure.  1982. (1989).
Trophic structure............... Monthly—Decem- One intermittent stream in the Cosumnes Bottorff and Knight
ber—June 1980, River drainage. (1988).
1981, and 1982.
Monthly for one  One perennial stream in the Cosumnes River
year (unspeci- drainage.
fied) between
1980 and 1982.
Invertebrates, Biology as related to acid July—October Experiments in artificial stream channels to  Cooper and others
algae. precipitation. 1986. determine effects of acidification. (1988).
Distribution and November 1967,  Five sites on the upper East Fork Kaweah ~ Federal Water Pollu-
abundance. Juneand August  River. tion Control
1968. Administration
(1969).
Distribution and abun- August 1986-May Four evaporation ponds in Fresno, Kings, ~ Parker and Knight
dance; trophic structure.  1987. and Tulare Counties. (1989).
Trophic structure............... May 1986-June  Kesterson Reservoir, Merced County .......... Lawrence Berkeley
1987. Laboratory (1987).
Invertebrates, Biology as related to acid  August and Eight lakes, seven outlet streams, and one Melack and others
zooplankton. precipitation. September vernal pond in the Kaweah River drainage.  (1989).
1984-1987.
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Table 5. Summary of biota studies in the San Joaquin-Tulare Basins study unit—Continued

Taxon Topic Study period Spatial coverage Literature citation
Zooplankton............ Biology as related to acid June—October Seven to eight stations in headwater lake of Melack and others
precipitation. 1984, the Kaweah River. (1987).
November
1984-March
1985, June-
October 1985.
July 1984— Seven to eight stations in headwater lake of Melack and others
October 1987. the Kaweah River. (1989).

streams, Coleoptera (beetles) in 5, Pelycopoda (clams)
and Gastropoda (snails) in 3, and Odonata (dragonflies
and damselflies) in only 1 stream. The three streams
containing pelycopods and gastropods included the
highest and lowest altitude streams, suggesting wide-
spread but patchy distributions. The only stream con-
taining odonates was the lowest altitude stream.
Combined data from all streams indicated that
Ephemeroptera, Diptera, and Trichoptera dominated
these mountain streams. Relative abundances were
Ephemeroptera (35 percent), Diptera (34 percent), Tri-
choptera (16 percent), Plecoptera (6 percent), Pely-
copoda (6 percent), and Coleoptera (3 percent) based
on 1,572 organisms.

A similar pattern of relative abundance was
noted at five sites on the East Fork Kaweah River near
Mineral King (fig. 4B) at an altitude of about 8,000 ft
(Federal Water Pollution Control Administration,
1969). Samples were dominated by Ephemeroptera
(58.7 percent), primarily Baetis sp. Relative abundan-
ces of other orders were—Diptera, primarily Chirono-
midae (10.5 percent) and Simuliidae (10 percent),
Plecoptera (8 percent), Trichoptera (6.3 percent), and
various other orders present in small numbers (6.5 per-
cent). Abell (1977) sampled 61 sites in the Kaweah
River drainage (fig. 4B) ranging in altitude from 640 to
10,000 ft and ranging in flow from less than 1 to
300 ft*/s. The benthic-macroinvertebrate fauna was
dominated by Diptera (Chironomidae and Simuliidae),
Ephemeroptera [Baetis, Rithrogena, Epeorus (Iron),
Epeorus (Ironopsis), and Cinygmula), and Trichoptera
[Hydropsyche, Limnephilidae (one species), and
Agapetus). Abell (1977) also compared the pattern in
relative abundance based on number of organisms with
the pattern in biomass and found them to be very
different. On the basis of biomass, the most common
taxa were Hydropsyche, Rithrogena, Epeorus (Iron-
odes), Parapsyche, Epeorus (Ironopsis), Baetis,
Cinygmula, Simuliidae, Planariidae, Blephariceridae,
and Ephemerella spinifera (listed as Drunella spinifera
in table 17). The large Trichoptera, Hydropsyche and

Parapsyche, were more significant in biomass. Bio-
mass patterns led Abell (1977) to classify the small
tributary streams as "mayfly streams" and the larger
streams as "trichoptera streams."

The relation of species richness to altitude and
stream size varies among studies. Abell (1977) report-
ed that most streams in the Kaweah River drainage
have about 15 taxa. Some of the smaller streams sup-
ported only four or five taxa, and a few of the larger or
more productive streams contained from 30 to 35 taxa.
Additional sampling at higher altitudes in the Kaweah
River drainage found the same from 60 to 70 species of
benthic macroinvertebrates as in midaltitude forested
streams of similar size; however, only from 9 to 13 spe-
cies were at any one higher altitude site, compared with
from 15 to 20 species at midaltitude sites (Abell, 1977).
Abell (1977) collected samples only during the winter
and only from gravel-cobble riffles. Species richness
likely would have been greater if collections were
made from additional substrates, such as sand or detri-
tus, and additional habitat types, such as pools or runs.

Melack and others (1989) studied the macro-
invertebrates of the headwaters of the Marble Fork
Kaweah River below Emerald Lake (fig. 48) between
1984 and 1987. Invertebrates were collected from July
to October each year, at an altitude of about 9,186 ft.
Using a variety of gear, they sampled four habitats,
including: (1) soft—fine substrate; (2) hard—bedrock
or boulders (3) cobble—Ilarge rocks and cobble; and (4)
moss—hard substrate covered with either moss or fila-
mentous algae. Not all organisms were identified to
species, but 83 taxa were identified. The stream was
especially rich in Diptera. Simuliidae, mostly Simul-
ium and Prosimulium, dominated on hard substrates,
and Chironomidae, mainly subfamilies Orthocladiinae
and Diamesinae, dominated on soft, cobble and moss
substrates. The moss substrate generally supported the
highest densities of organisms.

Melack and others (1989) also took qualitative
samples from the Marble Fork Kaweah River and out-
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let streams of seven other lakes in the area. During
1984-87, one sample was taken per year, either in
August or September, and a total of 44 taxa were col-
lected. Samples from all streams included Chironomi-
dae, Oligochaeta, Simuliidae, and Hydracarina. Baetid
mayflies (Baetis spp.), nemourid stoneflies (Zapada
spp.), and predatory caddisflies (Rhyacophila spp.)
were collected from most streams during the study
period.

Pacific Gas and Electric Company biologists
sampled macroinvertebrates from the North Fork of the
Kings River (fig. 4B) from 1982 to 1988 using kick nets
(Ahern and White, 1990). The purpose of the study was
to document any changes in the benthic community
due to the operation of an upstream pumped-storage
reservoir system. During 1982 and 1983, the preopera-
tional years, seven orders and from 16 to 18 species of
aquatic macroinvertebrates were collected. The num-
ber of orders increased to nine and the number of spe-
cies ranged from 18 to 33 after project operations
began. This increase was tentatively attributed to
increased algal growth at the site, perhaps due to
increased nutrient concentrations that resulted from
project operation. These results were especially inter-
esting because Abell (1978) attributed decreased spe-
cies richness in the North Fork Kings River to power-
peaking operations of a previous power project.

The focus of Abell's (1978) study was Dinkey
Creek, a tributary to the North Fork Kings River (fig.
4B). Fifteen sites were sampled, 13 in both April and
August. The April collections produced 63 taxa, and
the August collections added 12. On the basis of bio-
mass, Trichoptera, Hydropsyche and Arctopsyche,
were dominant. Ephemeroptera were codominant with
Hydropsyche and Arctopsyche in the April sample; in
the August sample, Simuliidae and other Trichoptera
also were codominant. On the mainstem of Dinkey
Creek, collections ranged from 11 to 21 taxa in April
and from 17 to 25 taxa in August. In major Dinkey
Creek tributaries, the number of collected taxa ranged
from 8 to 20 in April and from 11 to 23 in August. In
small tributaries, the number of collected taxa ranged
from 2 to 5 in April and from 4 to 7 in August. Abell
(1978) attributed the lower numbers of taxa found in
April in all size of streams to two factors. First, heavy
snowfall and runoff in 1978 made collecting unusually
difficult in April. Second, the substrate consisted pri-
marily of embedded large boulders and bedrock and
provided few refuges from high-water velocities and
scouring associated with high stream discharges.

Under these conditions, some taxa may have been
absent or so reduced in abundance that they were not
collected. Dinkey Creek also was sampled at four sites
(23 samples) in February 1986 by staff of the Kings
River Conservation District (1987). Three of these sites
corresponded to sites sampled by Abell (Abell, 1978).
They collected 30 families and 48 taxa (identification
to genus at best) in composites of from five to six
Surber samples at each site. Number of taxa collected
per site ranged from 26 to 31, compared with from 11
t0 22 collected by Abell (1978) at three of the four sites.
The differences in species richness could be due to dif-
ferences in environmental conditions, including type of
habitat sampled or techniques used in the two studies.

Few studies have addressed macroinvertebrates
in streams below major dams in the Sierra Nevada foot-
hills. Burdick (1974) studied the Kings River macroin-
vertebrate fauna below the Pine Flat Reservoir (fig.
4B). He sampled two sites at 2-week intervals from
September 1973 to October 1974. At least 85 species
were collected. The caddisfly genus Hydropsyche dom-
inated the biomass. Based on collections of free-flying
adults, Burdick (1974) stated that six species of Hydro-
psychidae were present below the dam, but subsequent
work established that only Hydropsyche californica
was present. The adults of the other five caddisfly spe-
cies invaded the Kings River from nearby perennial or
intermittent streams (Gill, 1982).

The valley floor benthic macroinvertebrates
have been studied in lentic (standing water) systems
(Lawrence Berkeley Laboratory, 1987; Parker and
Knight, 1989). These data are presented as part of the
species list (table 17) because some exchange of taxa is
likely between lotic (moving water) and lentic systems.
The Lawrence Berkeley Laboratory study focused on
the Kesterson Reservoir (fig. 5). Collected taxa
included Ephemeroptera (Callibaetis motanus), Odo-
nata, Hemiptera, Coleoptera, and Diptera (primarily
Chironomidae). The reported taxa were tolerant of
large variations in temperature, salinity, and pH. Parker
and Knight (1989) studied macroinvertebrates in evap-
oration ponds. They noted the wide environmental tol-
erances of the taxa present and also noted that these
species were good colonizers. They categorized the
invertebrate communities according to a gradient of
increasing salinity. At low salinities, the communities
were the same as observed in the Lawrence Berkeley
Laboratory (1987) studies. At intermediate salinities,
Corixidae, Chironomidae, and Coenagrionidae were
most common; Corixidae was the most abundant. At
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the highest salinities, only brine shrimp (Artemia sali- The River Continuum Concept (RCC) has been

nus), brine flies (Ephydra spp.), and the corixid (7ri- offered as a general model for understanding the dis-
chocorixa reticulata) were able to maintain large tribution of benthic macroinvertebrates in streams
populations, and brine shrimp only seasonally. (Vannote and others, 1980). The basic idea of the RCC
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is that species diversity reaches a maximum in streams
of intermediate size because of natural responses to
changes in certain geomorphic, physical, and biotic
variables such as stream discharge, channel morphol-
ogy, detritus loading, size of particulate organic mate-
rial, characteristics of autotrophic production, and ther-
mal responses.

Bottorff and Knight (1989) studied the Plecop-
tera of the Cosumnes River (fig. 4A) to determine if the
streams of the Sierra Nevada followed the general RCC
model. The Cosumnes River was selected because it
has a relatively undisturbed, forested drainage basin
compared with other Sierra Nevada rivers and differs
from most other large Sierra Nevada streams because it
does not have a large mainstem reservoir. The
Cosumnes River, a tributary to the Mokelumne River
(fig. 4A), is the most northern major drainage basin in
the San Joaquin—Tulare Basins study unit. Species of
Plecoptera were classified into functional feeding
groups (defined by method of feeding) for a 76-mile
stretch of the river, spanning stream orders from one to
seven, and ranging in altitude from 89 to 7,379 ft. Sam-
pling was done in all seasons, using various methods,
from 1980 to 1986, with the emphasis on free-flying
adults rather than larvae. A total of 69 species of 36
genera were identified, including members of all nine
North American Plecoptera families. The only area
where they failed to collect Plecoptera was in the Sac-
raraento—San Joaquin Delta (stream order seven). Of
the 69 species, 39 were classified as predators, 26 as
shredders, and 4 as scrapers. Results for predators and
shredders supported the RCC. Peak diversity of preda-
tors was 23 species at stream order four, and peak
diversity of shredders was 20 species at stream order
three. There were too few scraper species for an accu-
rate test of the RCC, with respect to species diversity.
The RCC also predicts that shredders should be highest
inrelative abundance near the headwaters and decrease
in relative abundance downstream, and that scrapers
should reach their highest relative abundance in stream
orders 3 and 4. Both of these predictions were con-
firmed by Bottorff and Knight (1989).

Bottorff and Knight's (1989) study of the
Cosumnes River Plecoptera also demonstrated that
studies using immature, aquatic stages of benthic mac-
roinvertebrates tend to underestimate species diversity.
They identified 69 Plecoptera species from the
Cosumnes River using aquatic larvae and terrestrial
adults. In contrast, studies collecting only aquatic lar-
vae (table 17, at back of report) have identified about
40 Plecoptera taxa from the San Joaquin—Tulare Basins

study unit. Similarly, about 142 species of adult Tri-
choptera were identified in the study unit (Don Burdick
and Richard Gill, California State University, Fresno,
written commun., 1992) (table 18, at back of report),
but other studies identified only about 51 taxa from lar-
vae (table 17). Studies of adult macroinvertebrates also
lead to identification of new species; Bottorff and oth-
ers (1990) described a new species of Plecoptera based
on their sampling program on the Cosumnes River.
Don Burdick and Richard Gill (California State Uni-
versity, Fresno, written commun., 1992) list nine unde-
scribed species of Trichoptera in their collections from
the study unit.

Don Burdick and Richard Gill's caddisfly (Tri-
choptera) data (table 18) (California State University,
Fresno, written commun., 1992) are interesting
because of the large spatial and altitudinal range from
about 100 to greater than 8,700 ft. Data were collected
between 1981 and 1991. The primary collecting
method was blacklight traps, which capture only adult
caddisflies. Sites were scattered but included at least
one site in each of the major drainage basins in the
study unit, from the Stanislaus River to the Kern River
(fig. 4A and B). The data are difficult to interpret
because traps were not systematically set in any parti-
cular kind of habitat. Areas near large and small, peren-
nial and intermittent streams were sampled. Despite
these difficulties, the data indicate some clear patterns.

Many caddisfly species were rare—found only
within a limited altitudinal range (table 18). Maximum
species richness was between 3,500 and 4,900 ft above
sea level. This altitudinal range corresponds to the
third- and fourth-order reaches of the Cosumnes River
where Bottorff and Knight (1989) also observed maxi-
mum species richness of Plecoptera. Don Burdick and
Richard Gill (California State University, Fresno, writ-
ten commun., 1992) reported 71 species of adult cad-
disfly collected between altitudes of 3,500 and 4,200 ft
and 78 species between 4,200 and 4,900 ft.

Burdick and Gill collected only 14 species of
caddisflies on the valley floor (altitude from 100 to 200
ft) compared with 50 species from the valley fringe
(altitude from 200 to 700 ft), including 13 species from
the lower altitudes of nearby canyons. Hydropsyche
californica was the most abundant species on the val-
ley floor (Gill, 1982). Six valley-floor species were rep-
resented by only one or two specimens. The apparent
abrupt decline in species richness from valley fringe to
valley floor could be due to habitat degradation result-
ing from human activities, such as water diversions or
presence of pesticides; however, other processes may
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be partly or fully responsible. The transition from val-
ley fringe, which corresponds to the transition area
from the Sierra Nevada foothills to the valley floor, rep-
resents a shift from high-gradient, cool-water streams
with coarse substrate to low-gradient, warm-water
streams with fine substrate. This transition in habitat
could account for some change in species richness.
Also, the qualitative nature of the data does not warrant
detailed interpretation.

Intermittent streams contribute to the increased
species richness of the valley fringe and foothills.
These streams lose surface flow, but maintain pools
through the summer low-flow period and provide
important habitat for fish and invertebrates. Abell
(1956) collected 2 crustacean taxa, 10 mite taxa, 74
insect taxa, 5 mollusk taxa, 9 fish taxa, and 4 amphib-
ian taxa during his study of Dry Creek, an intermittent,
Sierra Nevada foothill stream near Fresno (fig. 4B).
Gill (1982) studied larval Hydropsychidae below the
Pine Flat Reservoir on the Kings River (fig. 4B) and
collected only Hydropsyche californica. Six species,
including Hydropsyche californica, H. occidentalis, H.
philo, H. protis, Cheumatopsyche mickeli, and Para-
psyche almota, were collected at Mill Creek (fig. 4B), a
nearby intermittent stream that was dry from July to
November. Hydropsyche occidentalis and Cheumatop-
syche mickeli were the most abundant species in Mill
Creek. The reasons for the higher species richness in
the intermittent stream are unknown.

In studies of the Cosumnes River drainage
(fig. 4A), Bottorff and Knight (1988) compared the
trophic organization of the benthic-macroinvertebrate
communities of a first-order perennial stream with a
first-order intermittent stream. The intermittent stream
contained water for about 7 months (December—June)
during the year of the study. The benthic macroinver-
tebrate communities were similar, based on the num-
ber of invertebrate orders present. The intermittent
stream had 30 taxa and the perennial stream had 31
taxa, based on identifications to family or lower.
Insects were the dominant group, contributing 87 per-
cent of the taxa and 78 percent of the individuals col-
lected. Diptera, Plecoptera, and Coleoptera contribu-
ted the most taxa. Despite the similarity at this broad
taxonomic level, few species were shared between the
two streams. There was no overlap between streams
among Pelecypoda (1 genus), Turbellaria (2 genera),
Ephemeroptera (4 species), Plecoptera (12 species),
Trichoptera (7 species), Megaloptera (1 species), and
Hydracarina (all species combined). Moreover, only 1

of 10 Coleoptera taxa and 5 of 14 Diptera taxa were
collected from both streams.

Shredders were the most common of the func-
tional feeding groups. This group contained only about
20 percent of the taxa, but contributed about 41 and 32
percent of the individuals collected from the perennial
and intermittent streams, respectively. Collectors (fil-
terers and gatherers combined) also were common, 28
and 34 percent of the individuals collected from the
perennial and intermittent streams. Scrapers were
uncommon in both streams. Predators were the most
taxonomically diverse group and were numerically
codominant with shredders and collectors. This func-
tional feeding group structure was consistent with the
RCC. These small streams were dominated by coarse-
and fine-particulate organic matter from terrestrial veg-
etation, which favors shredders and collectors and the
predators that feed on them. Bottorff and Knight (1988)
stressed that their results were only from one pair of
streams and might not be indicative of conditions in all
intermittent streams of the Sierra Nevada.

Melack and others (1989) obtained somewhat
different results in their study of high-altitude lake-
outlet streams. Species richness of invertebrates was
related to the permanence of stream habitat, as meas-
ured by whether the stream was wet when the stream
was visited (once a year for 4 years). Species richness
was positively correlated with habitat permanence and
ranged from 15 to 22 species in streams that were flow-
ing during 3 or 4 years of the study. In streams that
were flowing during only 1 or 2 years, species richness
ranged from two to six species. Some invertebrate taxa,
especially conspicuous large and (or) mobile taxa
including Hemipterans (Sigara spp. and Notonecta
spp.), the muscid (Limnophora spp.), and the dytiscid
beetles (Agabus spp. and Deronectes spp.) were absent
or were collected less frequently in streams with fish
than in those without fish, presumably because fish
were preying on them.

Because of the limited temporal and spatial scale
of most macroinvertebrate studies discussed previ-
ously, little can be deduced about patterns of cooccur-
rence of taxa over larger geographic areas or longer
periods of time. Abell (1977) stated that his data pro-
vided no evidence that macroinvertebrate fauna of the
Kaweah River drainage group into distinct assem-
blages, though specific taxa were associated with spe-
cific stream types and altitudinal ranges. This
assessment apparently was qualitative; he did not
report the results of any statistical tests. Melack and
others (1989) did not find consistent temporal or habi-
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tat patterns among Kaweah River macroinvertebrates

during the 4 years of their study. They suggested that

seasonal and annual variations in climate, hydrology,

and habitat significantly affected the benthic macroin-
vertebrate community.

Data on benthic macroinvertebrates suggest sev-
eral generalizations. The limited available data indicate
that the RCC and the broad descriptions it incorporates
concerning community ecology of benthic macroinver-
tebrates apply to the streams of the San Joaquin-Tulare
Basins study unit. Maximum species diversity in Sierra
Nevada streams is to be expected in the midaltitude
reaches of stream orders three through five. Species
diversity of several taxa is low on the valley floor, but
the relative importance of natural and human factors in
causing this pattern is unknown. Finally, different spe-
cies dominate perennial streams, as compared with
intermittent streams.

Benthic Algae

Benthic algae have been studied even less than
benthic invertebrates. A species list was compiled from
existing studies (table 19, at back of report), but this list
probably includes only a fraction of the species actu-
ally in the study unit. Most work has been done in the
Kaweah River drainage in the Sequoia National Park
(fig. 4B). The earliest reported benthic algae study was
done on the East Fork Kaweah River in the high-
altitude Mineral King area (fig. 4B) in 1967 and 1968
(Federal Water Pollution Control Administration,
1969). Samples were collected at five sites from Aspen
Flat, the most upstream site, which is 1 mile upstream
from Mineral King, to Oak Grove, the most down-
stream site (fig. 4B). Macroscopic algae were uncom-
mon. At the highest altitude sites, Prasolia (a lettuce-
like green alga), was collected from low-velocity areas,
along with Oscillatoria (a blue-green alga), Spirogyra
(a green alga), and diatoms. No macroscopic algae
were collected from the more turbulent areas where
diatoms dominated the algal community. At the second
highest site, luxuriant growths of the green alga Ulo-
thrix covered the bottom in one pooled area. At the
third highest site, only plates of Pseudulvella, a green
alga, were observed. Twenty-three species of benthic
diatoms were identified from the five sites, though only
seven were recorded regularly. Achnanthes minutis-
sima was the most abundant species, except for two
samples taken in August when Cocconeis placentula
was most abundant. The phytoplankton community

was composed primarily of suspended benthic algae,
but also included the green alga Ankistrodesmus sp.,
the blue-green alga Anabaena sp., the flagellate
Dinobryon, and the diatoms Cyclotella, Melosira, and
Amphora.

During the summer of 1985, Melack and others
(1987) sampled benthic diatoms in soft sediments and
on ceramic artificial substrates of Emerald Lake (fig.
4B), as well as in inlet and outlet streams. They also
counted both live and dead diatoms. A total of 101 taxa
of benthic diatoms were collected from the inlet
streams (56 alive) and 98 in the outlet stream (62 alive)
(table 19 lists only live taxa). Of the living taxa, 12 spe-
cies were found in all habitats (streams and lake) on
both substrate types, 8 species were unique to the inlet
streams, and 13 species were unique to the outlet
stream. The average number of species per stream sam-
ple ranged from 11 to 22 depending on substrate type
and month. The abundance of each species also varied
with substrate, time, and location (lake inlet or outlet).
These abundance data were used to develop and test a
pH-prediction model based on diatom assemblages.
The final regression models explained from 82 to 87
percent of the variation in lake pH, based on diatom
assemblages (Holmes, 1986).

Few studies of the valley floor environment have
included benthic algae. Lawrence Berkeley Laboratory
(1987) identified diatoms to genus in their food-web
study of the Kesterson Reservoir (a group of intercon-
nected ponds located within the Kesterson National
Wildlife Refuge) (fig. 5). These taxa probably reflect
the algae community in moving water because the
ponds were colonized from the surrounding sloughs,
canals, and drains. Taxa identified include filamentous
blue-green algae, green algae, and the diatoms Coscin-
odiscus, Gyrosigma, Navicula, and Synedra. Results
from a study of evaporation ponds in the Tulare Basin
(Parker and Knight, 1989) were similar to those for the
Lawrence Berkeley Laboratory (1987) study. Attached
algae included two filamentous blue-green algae
(Cyanophyceae), Oscillatoria sp. and Spirulina sp.
Diatoms were dominated by the genera Amphora,
Cymbella, and Navicula.

Phytoplankton were monitored at four stations in
the study unit as part of the USGS National Stream-
Quality Accounting Network (NASQAN) Program
(table 20, at back of report). These data indicate some
richness of species in benthic algae, which are com-
mon both on the stream bottom and drifting in the water
column after being swept up by the current. Most of the
taxa identified from valley floor sites in the above stud-
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ies were collected from streams. A total of 113 genera
of algae were identified during the NASQAN studies.
The two lowest altitude stations [the San Joaquin River
near Vernalis and the Mokelumne River at Woodbridge
(fig. 4A)] were similar in number of genera collected,
90 and 85, respectively. The two higher altitude sta-
tions [the Kings River below North Fork (near Trim-
mer) and the Kern River near Kernville (fig. 4B)] had
about one-half this number of genera, with 41 and 43
genera collected. There was no pattern in the number of
taxa that were dominant in at least one sample. The
major difference between the two upper and two lower
altitude stations was the absence of many Chlorophyta
(green algae), particularly the Chlorococcales, from the
upper altitude stations (table 20). Some groups of
Chrysophyta (yellow-green algae) also were absent
from upper altitude stations, particularly diatoms in the
family Naviculaceae.

EFFECTS OF WATER QUALITY ON
AQUATIC BIOTA

Concern for effects of water quality on aquatic
biota is most acute in streams of the valley floor, par-
ticularly in western regions of the valley that receive
runoff from the Coast Ranges. On the west side of the
valley, application of irrigation water dissolves salts
and trace elements naturally present in soil. The
increased concentrations of salts and trace elements in
agricultural return flow and drainwater are particular
problems because fish, wildlife, and humans may uti-
lize this water after it is returned to surface waters or
evaporation ponds. The application of pesticides and
herbicides in agricultural areas is a valley-wide con-
cern. The effects of trace elements and pesticides on
fish and wildlife resources and human health are

important considerations to users, water suppliers, and
managers.

Trace Elements in Aquatic Biota

Trace elements in surface water are of greater
concern for human health or fish and wildlife than for
agricultural uses. High selenium concentrations have
been demonstrated in fish and food-chain organisms
exposed to agricultural drainwater (Ohlendorf and oth-
ers, 1986a, b, 1988a, b, 1989, 1990; Saiki, 19864, b;
Williams, 1986; Saiki and Lowe, 1987; Ohlendorf,
1989; Ohlendorf and Skorupa, 1989; Williams and oth-
ers, 1989). Mortality and developmental abnormalities
have been observed in birds (Presser and Barnes, 1984;
Ohlendorf, 1986; Schroeder and others, 1988; Skorupa
and Ohlendorf, 1988, 1989; Ohlendorf and Skorupa,
1989). Many of these studies were focused primarily
on selenium and were site specific, addressing prob-
lems at the Kesterson Reservoir (fig. 5) in the mid-
1980's or in evaporation ponds. The San Joaquin Valley
Drainage Program recognized 29 inorganic compounds
in addition to selenium and dissolved solids (salts) as
concerns for public health and (or) maintenance of fish
and wildlife (table 6) (San Joaquin Valley Drainage
Program, 1990a, b). Substances of greatest concern
were arsenic, boron, molybdenum, selenium, and dis-
solved solids.

Studies with a wider geographic coverage or of a
wider range of constituents include—(1) the Selenium
Verification Study by California Department of Fish
and Game (White and others, 1988, 1989; Urquhart
and Regalado, 1991), (2) the Toxic Substances Moni-
toring Program (TSMP) of the California Water
Resources Control Board, (Agee, 1986; Rasmussen
and Blethrow, 1990, 1991), (3) several studies by Dr.

Table 6. Substances of concern in ground and surface water of the San Joaquin-Tulare Basins study unit for known or
possible effects on water quality, public health, agricultural productivity, or fish and wildlife

[The list includes substances of concern identified by the San Joaquin Valley Drainage Program (1990a, b). Primary concern—Substance has been cited in
State/Federal water-quality regulations, causes toxicity and other problems for fish and wildlife, and it can become hazardous to other wildlife and to humans
by accumulating in the food chain or by direct exposure to contaminated soils, sediments, air, or water. Probable concern—Substances subject to future Cal-
ifornia water-quality objectives. Possible concern A—Substances detected at high concentrations at some sites. Possible concern B—Substances for which
there is little information available. Limited concern—Known toxic elements detected in low concentrations]

Primary concem Probable concern  Possible concern A Possible concern B Limited concern c :':‘?::‘bz ;?;s‘:nt
Arsenic ..o Antimony Aluminum.
Boron.............. .. Beryllium Barium.
Molybdenum.... .. Bismuth.......ccoocerree. Iron.
Selenium............. . Fluoride oviecececs s Magnesium.
Dissolved solids .......... .. Germanium.

Lithium.
Strontium.
Tellurium.
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Michael Saiki of USFWS (Saiki, 1986a, b; Saiki and
Lowe, 1987; Saiki and May, 1988; Saiki and Palawski,
1990; and Saiki, Jennings, and May, 1992), and (4) a
study by the USGS (Leland and Scudder, 1990). The
purpose of the Selenium Verification Study was to
measure selenium concentrations in biota from selec-
ted problem areas and to determine if concentrations
were potentially harmful to fish and wildlife. This pro-
gram began collection of samples in the study unit in
1986 (White and others, 1988, 1989; Urquhart and
Regalado, 1991). The TSMP began collecting tissue
samples in the study unit in 1978 with an emphasis
toward monitoring a primary network of fixed stations,
but gradually shifted to emphasize suspected problem
areas. Trace elements and pesticides were analyzed
(Rasmussen and Blethrow, 1990, 1991; Rasmussen,
1992), and criteria were developed for evaluating
trace-element concentrations in tissues of fish and Cor-
bicula (tables 7 and 8). These criteria include a variety
of standards and guidelines calculated by TSMP or
compiled from other sources. The USFWS and USGS

studies documented concentrations of trace elements in
aquatic biota from the San Joaquin River drainage.

Aquatic biota, primarily fish and Corbicula, will
be discussed in this section. Only data for streams,
canals, and large reservoirs are addressed. Data from
previous studies on emergent plants, terrestrial plants,
waterfowl, mammals, and other terrestrial taxa were
reviewed by the San Joaquin Valley Drainage Program
(1990a). Extensive data concerning evaporation ponds
also are available.

Tissues of fish and Corbicula have been analyz-
ed for each of 21 trace elements (table 9). Seventy-
three sites were sampled during at least one of the
above studies for at least one of these elements (fig. 6).
Most of the sites are on the valley floor; however, a few
are in the Sierra Nevada foothill or mountain reservoirs
and streams. Detection limits for all of the studied ele-
ments were sufficiently low to detect levels of concern
for the health of biota and values above most TSMP
criteria (table 7). Every element except beryllium and
thallium was detected in at least one sample and many,
such as arsenic, selenium, and mercury, were wide-

Table 7. Criteria for evaluating trace-element concentrations in tissues of various species of fish, on a wet weight basis, 1990

[Significant figures are shown as reported. N, number of samples used to calculate EDL 85 and EDL 95; <, less than; na, criteria not established. NAS, recom-
mended guidelines for evaluating toxic chemicals in whole fish for protection of wildlife (National Academy of Sciences and National Academy of Engineer-
ing, 1973). FDA, action levels for toxic chemicals in edible portions of fish (U.S. Food and Drug Administration, 1985). MIS, Median International Standards
for trace elements in freshwater fish developed by the Toxic Substances Monitoring Program (TSMP) (Rasmussen, 1992). EDL 85 and EDL 95, elevated data
level for 85th and 95th percentiles are based on data collected by Toxic Substances Monitoring Program (TSMP) between 1987 and 1990 (Rasmussen, 1992)

and are recalculated annually)

Evaluation criteria [Wet weight (microgram per gram)]

Trace

element NAS FDA IS N w:E‘;ILe :Ss : EDL 95 N FiEsI:LI l;’: : EDL 95 N F:;:“:; > EDL 95
Arsenic....... na na 1.5 68 0.48 091 455 0.22 0.75 19 0.12 0.20
Cadmium.... na na 3 68 10 15 470 .36 1.05 16 <.01 <.02
Chromium.. na na 1.0 68 .20 .36 453 .03 .08 16 <.02 <.02
Copper........

Q) T na na na na na na 105 170.00 225.00 0 na na

(G2 J na na 20.00 68 3.28 4.64 366 13.00 3170 16 .70 .81
Mercury...... 0.5 31.0 S5 69 07 .10 0 na na 16 .88 1.8
Lead........... na na 2.00 68 .28 .56 451 .10 .20 16 <.10 <.10
Nicket......... na na na 69 .20 47 454 <.10 37 16 <10 <10
Selenium... na na 2.0 84 1.50 1.98 104 4344 4498 332 110 2.00
Silver.......... na na na 68 .03 .05 454 .24 .69 16 <.02 <.02
Zinc............ na na 45.0 68 35.00  40.00 452 28.00 38.00 16 2340 3280

! Salmonid fishes. 2 All other fishes. > As methyl mercury. * Analysis discontinued in 1985 (Rasmussen, 1992).

28 Aquatic Biology of the San Joaquin-Tulare Basins, California: Analysis of Available Data Through 1992



Table 8. Criteria for evaluating trace-element concentra-
tions in tissues of Corbicula, on a wet weight basis, through
1990

[Criteria developed by Toxic Substances Monitoring Program (TSMP)
(Rasmussen, 1992). MIS, Median International Standards for trace ele-
ments in marine shellfish]

MIS [Wet weight
Trace element (micrograms per
gram)]
ATSEINIC....viveviiirreeeeeeeteste e e e e araeeesseseeenenne 1.4
Cadmium ..o e 1.0
Chromium..........ccccevevnennnennereeceecreeesnns 1.0
COPPLT ..ottt 20
Lead ...ooieceiii e e 20
MEICULY ...ovvvireirrecreresre e neerese e eves e easanas 5
SeleniUum......ccooceoeeereriererieceee e reens 3
ZIDC...vvevveiircerirareenieseerenseestesessesessasscseessesenee 70

spread (fig. 6; table 9). Ten trace elements, arsenic, cad-
mium, chromium, copper, lead, mercury, nickel,
selenium, silver, and zinc exceeded evaluation criteria
or guidelines at least once (table 10). Site locations, tis-
sue concentrations, and samples exceeding evaluation
criteria or guidelines presented in this report refer only
to the studies noted in table 9, unless stated otherwise.

In table 9, the arithmetic means of tissue con-
centrations are presented for simplicity; however,
arithmetic means are more strongly influenced by out-
liers than other measures of central tendency, such as
the geometric mean. Caution should be used in inter-
preting the arithmetic means, especially when the stan-
dard deviation is equal to or exceeds the value of the
mean.

Publicly owned wildlife areas were of intense
interest in the early and mid-1980's because of selen-
ium contamination discovered at the Kesterson Reser-
voir ponds. Principal wildlife areas in the study unit are
the Volta and the Los Banos State Wildlife Areas (fig.
5), the Mendota Wildlife Management Area (fig. 4B),
and the Kern (fig. 4B), the Kesterson (fig. 5), the
Merced (fig. 44), the Pixley (fig. 4B), and the San Luis
(fig. 5) National Wildlife Refuges. These areas on the
valley floor generally include a mixture of habitat
types, including one or more of seasonal and perma-
nent wetlands, California prairie, riparian forest, San
Joaquin saltbush, and open water. Most trace-element
data were from the Volta State Wildlife Area and the
Kesterson Reservoir within the Kesterson National
Wildlife Refuge (San Joaquin Valley Drainage Pro-
gram, 1990a). Volta State Wildlife Area was used as a
reference site for contaminant studies because it
received the least-contaminated water. Water in the
Volta State Wildlife Area came primarily from the

Delta-Mendota Canal (figs. 4A and 5) with minor
inputs from upslope irrigation, artesian wells, storm
runoff, and discharge from a tomato processing plant
(San Joaquin Valley Drainage Program, 1990a). Since
the mid-1980's, refuges have discontinued use of agri-
cultural drainwater, so earlier contaminant studies
probably are not indicative of present conditions. The
Kesterson Reservoir ponds were buried in 1988 (San
Joaquin Valley Drainage Program, 1990a).

Studies at the Kesterson National Wildlife Ref-
uge indicated that the highest selenium concentrations
were in the reservoir ponds and the San Luis Drain,
rather than in the refuge as a whole (fig. 5). Selenium
concentrations in mosquitofish from the San Luis Drain
ranged from 140 to 370 pg/g dry weight, and those
from the Kesterson Reservoir ponds ranged from 94 to
290 pg/g dry weight (Saiki and Lowe, 1987). Selenium
concentrations in other fish from the San Luis Drain
ranged from 22 pg/g dry weight in a sample of Sacra-
mento blackfish to 220 pg/g dry weight in a sample of
carp (Saiki, 1986a). Saiki and Lowe (1987) docu-
mented two fish kills in the San Luis Drain in 1982
involving eight species of fish; however, the cause of
the mortality could not be determined. Concentrations
in the San Luis Drain mosquitofish were extremely
high compared with values for mosquitofish from the
Volta State Wildlife Area (from 70 to 330 times higher)
(Saiki and Lowe, 1987). Selenium concentrations in
other biota from the San Luis Drain and ponds also
were high compared with values obtained at the Volta
State Wildlife Area (from 6 to 50 times higher in net
plankton, from 10 to 100 times higher in aquatic
insects). Schuler (1987) documented selenium concen-
trations in aquatic insects that were from 168 to 3,700
times higher than those at the Volta State Wildlife Area.

Other than the Kesterson Reservoir and the San
Luis Drain, significant concentrations of selenium were
noted only for the Mud Slough (north), which borders
the refuge. There are two Mud Sloughs in the study unit
(fig. 5). Mud Slough (south) is a tributary to the Salt
Slough (fig. 5), and Mud Slough (north) is a tributary
to the San Joaquin River. Mosquitofish from the Mud
Slough (north) had high selenium concentrations
(mean of 11.7 pug/g dry weight in six samples) (San
Joaquin Valley Drainage Program, 1990a). Saiki
(1986b) also documented high selenium concentra-
tions in carp from the Mud Slough (north) (from 10 to
13 pg/g dry weight). All values mentioned above
exceed the EDL 95 of 1.98 pg/g for selenium in whole
fish. (Elevated data levels, EDL 95 and EDL 85 are the
concentrations corresponding to the 95" and 85™ per-
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Table 9. Statistical summary of trace-element concentrations in tissues of various species of fish and Corbicula, on a dry
weight basis, through 1990

[Significant figures are shown as reported. Sampling and species collection varied among sites—some sites were sampled more than once; multiple species were col-
lected at some sites. The values analyzed include single composite samples or mean values from several composite samples. Calculations included only samples in
which concentrations exceeded the detection limit; —, no data. Sources—Saiki, 1986a; Saiki and Lowe, 1987; Saiki and May, 1988; White and others, 1988, 1989;
Leland and Scudder, 1990; Rasmussen and Blethrow, 1990, 1991; Saiki and Palawski, 1990; California Department of Fish and Game, 1991b; Urquhart and Regalado,
1991; Nakamoto and Hassler, 1992; Rasmussen, 1992; Saiki and others, 1992]

Tissue concentrations [Dry weight (micrograms per gram)]

Number of Number of
Trace element nondetections! detections Maximum Minimum Arithmetic mean dStar.nd.ard
eviation
‘Whole fish
Arsenic 10 107 2.04 0.17 0.50 0.33
Aluminum....... 0 23 460.00 2.96 69.01 101.75
Barium.. 0 23 66.00 .94 8.72 13.16
Beryllium......covveeeceeeeierreeceree e enes 23 0 — — —_ —_
Boron 30 9 18.3 2.38 577 4.99
Cadmium 30 11 27 .03 .08 07
Chromium 11 106 7.10 .09 1.04 1.40
Copper .c..cevvee. 3 22 16.97 .65 3.61 461
Iron .. 0 23 500.00 22.00 105.43 113.28
Lead 28 13 .89 13 35 23
Magnesium . 0 323 2,100.00 16.00 939.35 555.66
Manganese. 0 4 102.60 56.30 75.13 20.80
Mercury ..... e e s e e et 8 105 1.17 .06 32 20
Molybdenum.... . 22 17 2.20 31 1.09 57
Nickel 9 32 3.60 21 1.16 78
Selenium 0 257 23.74 40 3.64 2.68
[ U 0 262 332 40 7.34 26.65
Silver.... 4 2 37 31 34 .04
0 23 207.20 30.70 78.03 59.90
4 0 — — — —
Vanadium..... 18 5 2.20 18 1.40 77
ZINC...vnrererss e e ssseesiesenotescesrasonsnsesesenten 0 25 170.00 35.80 68.70 38.07
Fish liver
ATSEIC. ...ccvivreiriiirisiniissessisessnssesetstseescssonnones 39 25 5.17 0.01 1.02 1.24
Cadmium ............. 1 63 3.60 .01 .60 .62
ChIOMIUM.....ovrreerercrrrnrsrsecrorensarnerassssnsrserenenes 50 13 1.17 .10 41 .54
Copper
Salmonid fishes only 0 6 90047 200.00 544.08 275.09
All other fishes... 0 58 160.00 .14 20.12 30.35
Lead 45 19 2.27 .01 90 .58
Nickel 64 0 — — — —
Selenium...........ccorerne 2 381 25.00 .08 8.91 4.55
SHIVET...c.cvricerceeireneeneenensi e seaeeenses e eneses 53 11 17.31 .07 373 6.13
ZinC.unvrreeeerennne. 0 64 180.00 1.42 96.27 45.39
Fish filets
1 94 242 0.01 1.01 0.66
1 482 11.36 40 2.55 224
Corbicula (soft tissues)
0 42 13.90 3.25 7.05 2.23
8 1 2.00 2.00 2.00 —
0 40 7.26 20 .96 1.32
0 17 15.65 .50 4.15 4.53
0 40 90.48 14.40 41.94 17.62
6 12 6.52 .30 1.74 1.70
ManNGANESE ......convnerererrrensereeseeseserenee e senssanansens 0 8 48.00 9.50 22.48 12,71
MEICULY .....ocviircrmrcirire st scasteecsenese s 0 30 54 .10 20 12
Molybdenum...........ooceeerveerercrrererann 7 2 .50 .50 .50 —
NICKE] ...ovnerirerecietie et et 1 37 9.78 5 2.17 1.85
Selenium...........cocunnne 0 43 722 1.26 3.69 1.55
Silver. 6 13 23 .09 15 04
Strontium...... 0 9 31.70 5.00 16.01 9.38
Vanaditm.........ocoverererennrnieseenenens 1 7 1.60 40 74 44
ZDCocrreeireseescrirereessasseeseransonnaastesasanees 0 19 630.95 63.00 160.82 133.96

]Samples in which an element was not detected should not be assumed to have a low concentration, because detection limits varied among studies.
2values include five samples with high selenium concentrations from the Kesterson Reservoir ponds and the San Luis Drain at the Kesterson Reservoir
before deliveries of selenium-rich drainwater were curtailed.
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wildlife areas generally were limited, but did not show
any major increases in selenium concentrations com-
pared with the Volta State Wildlife Area reference site
(San Joaquin Valley Drainage Program, 1990a).

centiles of the data collected by TSMP). Two samples
of mosquitofish from the Kesterson Reservoir ponds
also exceeded the EDL 95 for silver, and one exceeded
the EDL 85 for copper. Data from other refuges and
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Figure 6. Sites sampled for trace elements in tissues of biota in the San Joaquin-Tulare Basins study unit, California.
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Table 10. Number of times trace elements exceeded
evaluation criteria in tissues of various species of fish and
Corbicula, through 1990

[The number of times chemicals exceeded evaluation criteria should
not be compared among different elements or tissues because of differ-
ences in sampling intensity. See tables 7 and 8 for criteria. For pub-
lished studies presenting only dry weight concentrations of trace
elements in tissues, values were converted to wet weight using per-
centage of moisture reported in the study or a value for the same tissue
obtained from a different study. na, criteria not established. Evalua-
tion Criteria—MIS, Median International Standards for trace ele-
ments in freshwater fish and marine shellfish (Rasmussen, 1992).
EDL 85 and EDL 95, elevated data level for 85th and 95th percentiles
are based on data collected by Toxic Substances Monitoring Program
(TSMP) between 1987 and 1990 (Rasmussen, 1992) and are recalcu-
lated annually]

Evaluation criteria

Ti | Ti
race element ssue 5 EDLS5 EDLSS
Arsenic ............. Whole fish........ na 1 0
Fish liver.......... na 4 2
Corbicula......... 3 na na
Cadmium.......... Fish liver.......... na 4 1
Chromium ........ Whole fish........ na 6 1
Fish liver.......... na 20 3
Corbicula......... 3 na na
Copper.............. Whole fish........ na 1 0
Fish liver.......... na 6 2
Lead.................. Fish liver.......... na 7 1
Mercury............ Fish liver.......... na 0 1
Fish filet........... 8 na na
Nickel............... Whole fish........ na 8 12
Selenium .......... Whole fish........ na 10 38
Fish liver.......... na 31 3
Fish filet........... 12 na na
Corbicula......... 38 na na
Silver................ Whole fish........ na 0 2
Fish liver.......... na 1 3
Zing ..o, Whole fish........ na 5 7

The San Joaquin River and valley floor studies
usually are site- or reach-specific. The San Joaquin Val-
ley Drainage Program (1990a) summarized much of
the existing trace-element data, defined two areas of the
valley floor where work had been done, and divided the
river into four reaches. The four reaches are from the
base of the Friant Dam to just above the Mendota Pool,
from the Mendota Pool to the Arroyo Canal at the Sack

Dam, from the base of the Sack Dam to just upstream
of Bear Creek, and from Bear Creek to Antioch (east of
the study area), at the confluence of the Sacramento
and the San Joaquin Rivers in the Sacramento—San
Joaquin Delta (figs. 1 and 4A). The first and third
reaches often are intermittent during the summer due to
diversions. Many studies of the San Joaquin River,
including the San Joaquin-Tulare Basins NAWQA
study, place the downstream limit of their study unit
just below the confluence with the Stanislaus River
near the town of Vernalis (fig. 44). The Stanislaus
River provides the last major inflow of freshwater
before the San Joaquin River enters the Sacramento—
San Joaquin Delta. The confluence with the Stanislaus
River is the legal boundary between the San Joaquin
River and the Sacramento—San Joaquin Delta.

The areas of interest for aquatic biota on the
western side of the San Joaquin Valley floor have been
designated the northwestern and the southwestern
Grasslands (fig. 5) (San Joaquin Valley Drainage Pro-
gram, 1990a). The northwestern Grasslands contains
the Kesterson National Wildlife Refuge, the Volta State
Wildlife Area, the San Luis National Wildlife Refuge,
the Los Banos State Wildlife Refuge, and private lands.
The southwestern Grasslands contains only privately
owned wetland areas. Water sources for both areas
include subsurface drainwater and other agricultural
return, natural runoff, and excess flows from State and
Federal water projects. The division into north and
south sections is rather arbitrarily set at State Highway
152 (fig. 5). Water flow in the area generally is from
south to north; the main sources and flow paths of water
in the area have been summarized by the San Joaquin
Valley Drainage Program (1990a). Some studies lump
both areas into a single Grasslands area.

In the San Joaquin River, samples of plankton
and mosquitofish from the Bear Creek to Antioch reach
generally had concentrations of selenium <7 pg/g dry
weight (San Joaquin Valley Drainage Program, 1990a).
San Joaquin Valley Drainage Program (1990a)
researchers chose 7 pug/g dry weight as a reporting
threshold because this was the lowest concentration
with an observed effect on mallard ducks, and their
emphasis was on waterfowl and other wildlife. Fishes
from all four reaches of the river generally contained
concentrations of selenium less than this threshold. The
highest detected concentration was 8.6 ng/g dry weight
in white catfish liver. Other species sampled were blue-
gill, common carp, striped bass, channel catfish (/cta-
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lurus punctatus), and Sacramento blackfish (San
Joaquin Valley Drainage Program, 1990a). The TSMP
selenium criteria were exceeded in 31 samples from the
San Joaquin River, mostly in the reach from the Bear
Creek to the Merced River (fig. 4A), where the most
effort has been expended. Selenium and other trace-
element criteria were exceeded also in the reaches from
the Mendota Pool to the Sack Dam and from the Sack
Dam to the Bear Creek (fig. 44). In other samples from
the San Joaquin River, TSMP criteria were exceeded
19 times for chromium, 8 for nickel, 4 each for lead and
zinc, 2 each for arsenic and mercury, and 1 for copper.
Biota samples containing high concentrations of lead
and mercury were collected near Vernalis.

In the northwestern Grasslands (fig. 5, excluding
the Kesterson Reservoir and the San Luis Drain), sele-
nium concentrations exceeded 7 ng/g dry weight in asi-
atic clams and mosquitofish from the Mud Slough
(north) (San Joaquin Valley Drainage Program, 1990a).
Values were about 10 times those from the Volta State
Wildlife Area but much less than those from the
Kesterson Reservoir. Aggregate geometric-mean val-
ues for selenium were variable among the different
water bodies sampled. This is not unexpected because
the drains and canals receive inputs of various quality
from many different sources. Sampled species from the
northwestern Grasslands area included bluegill, green
sunfish, striped bass, Sacramento blackfish, white cat-
fish, and channel catfish. Many species had tissue con-
centrations >7 pg/g dry weight. Criteria were exceeded
mostly in samples collected from either the Mud
Slough (north) or the Salt Slough (fig. 5). The TSMP
selenium criteria were exceeded 47 times. In this area,
TSMP criteria were exceeded for four other elements:
nine times for chromium, five for nickel, two for
arsenic, and one for zinc.

Samples from the southwestern Grasslands area
also exceeded 7 ug/g selenium dry weight in a number
of taxa, including asiatic clams, fathead minnows, and
mosquitofish. Selenium concentrations were high in
striped bass, common carp, green sunfish, and channel
catfish, as much as 24 times higher than those meas-
ured at the Volta State Wildlife Area (San Joaquin
Valley Drainage Program, 1990a). The TSMP sele-
nium criteria were exceeded in 30 samples from this
area, mostly from the Camp 13 Slough and the Agatha
Slough (fig. 5). Chromium exceeded TSMP criteria in
four samples, nickel and zinc in two each, and copper
in one.

Samples from streams draining the east side of
the valley rarely had high selenium concentrations;
only two samples exceeded the TSMP selenium crite-
ria. Mercury concentrations were high at seven loca-
tions, all but one in large reservoirs (fig. 4A; the Don
Pedro, the McClure, and the Pardee). Concentrations of
chromium exceeded TSMP criteria in 12 samples, cad-
mium, copper, and silver in five each, lead in four,
arsenic in three, and zinc in one.

Patterns of variation over time in concentrations
of trace elements in tissues vary among the different
trace elements studied. Saiki, Jennings, and May
(1992) reviewed concentrations of trace elements in
tissue of fish collected by the National Contaminant
Biomonitoring Program at the Mud Slough (south) in
the northwestern Grasslands (fig. 5) (Henderson and
others, 1972; Walsh and others, 1977; May and
McKinney, 1981; Lowe and others, 1985; Schmitt and
Brumbaugh, 1990). Concentrations of mercury in
fishes declined from about 0.8 pg/g dry weight in
1969-70 to from 0.1 to 0.4 pg/g dry weight in subse-
quent years. In the San Joaquin Valley, mercury-based
pesticides were used as agricultural fungicides and
seed treatments until 1973. Mercury use on food prod-
ucts was not allowed after 1969 (Saiki and May, 1988).
Selenium concentrations in fishes averaged from 1 to 2
ng/g dry weight in 1972-73 and increased to more than
3.8 ug/g in 1977 and later (Saiki, Jennings, and May,
1992). Saiki and May (1988) suggested that the
increase in selenium concentrations between 1972-73
and 1977 and the continued moderate concentrations
were due to subsurface drainage of agricultural lands.

Early in 1985, most waterfow] managers made
the decision to discontinue flooding managed wetlands
with agricultural drainwater. The quantity of selenium
delivered to the San Joaquin River by sloughs flowing
through the Grasslands was expected to approximately
double because the water no longer passed through
wetlands where biological and physicochemical pro-
cesses removed large quantities of selenium from the
water. Consequently, selenium concentrations were
expected to be higher in fish samples collected from
sloughs in the Grasslands from 1984 to 1985 or 1986,
compared with fish samples collected in the 1970's.
However, concentrations of selenium in fish from the
Mud Slough (north), the Mud Slough (south), and the
Salt Slough stayed the same or decreased slightly
(Saiki, Jennings, and May, 1992), and they attributed
this to lower dissolved selenium concentrations in
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drainwater during their sampling periods (September
1985 and September through November 1986). Saiki
and Palawski (1990) noted no changes in concentration
of arsenic, mercury, or selenium in tissues of juvenile
striped bass collected from the San Joaquin Valley
when compared with previous studies.

Leland and Scudder (1990) documented sea-
sonal variation in concentrations of selenium and
arsenic in tissues of Corbicula (tissue samples from the
San Joaquin River and its major tributaries were taken
on alternate weeks in June, August, and October 1985).
Selenium concentrations in tissues decreased signifi-
cantly between June and October. A significant decline
was observed between the June and August samples
but a larger decline was observed between the August
and October samples. The decline observed between
August and October coincided with a decline in solute
selenium concentrations (concentrations in water
passed through a 45 um filter) that began in late Sep-
tember, when the major irrigation season ended. Solute
selenium concentrations declined to a lesser extent
between the June and August samples. Leland and
Scudder (1990) documented a direct relation between
solute selenium concentration in water and the sele-
nium concentration in tissues. They suggested that the
decline of selenium in tissue was a direct result of
decreased selenium concentrations in river water,
which resulted from decreased inflows of contaminated
drainwater. Alternative hypotheses included dilution in
tissue due to rapid summer growth or increases in lipid
and glycogen stores. These processes would be most
pronounced in young clams. However, Leland and
Scudder (1990) did not observe any significant varia-
tion of selenium concentrations in tissue based on the
size of the clam, suggesting that tissues were not dilut-
ing selenium.

Arsenic concentrations in tissues of Corbicula
from the San Joaquin River downstream from the Bear
Creek (fig. 4A) increased between June and October,
the opposite of the pattern of selenium (Leland and
Scudder, 1990). Seasonal increases of arsenic concen-
trations in tissue also were noted for the Merced River
(fig. 4A) and the Salt Slough but not for the Mud
Slough (north) (fig. 5). Concentrations of arsenic in tis-
sues increased with the size of Corbicula, so it was
impossible to determine if the increases were due pri-
marily to increases in available arsenic concentrations.
The differences may have been due to a greater ability
of clams to accumulate arsenic as they grow.

Spatial patterns in concentrations of trace ele-
ments in fish tissue also vary. Saiki, Jennings, and May
(1992) found statistically significant differences in
concentrations of arsenic, chromium, mercury, and
selenium in fish tissue among sites, but only selenium
varied in a recognizable spatial pattern. With some
exceptions, mean concentrations of selenium in fishes
from the Grasslands exceeded 3.0 pg/g dry weight and
generally were twice as high as concentrations in fish-
es from the San Joaquin River upstream of the Merced
River. Carp and mosquitofish from San Joaquin River
sites below the confluences with streams draining the
Grasslands area were an exception; their tissue con-
centrations were similar to the Grasslands fish. Saiki,
Jennings, and May (1992) noted that, with two excep-
tions, fishes from the San Joaquin River upstream of
the Grasslands and from tributaries [Fresno Slough
(fig. 4B) and the Delta—Mendota Canal (fig. 5)] that
enter the San Joaquin River above the Grasslands at the
Mendota Pool (fig. 44), contained <2.0 pg/g dry
weight selenium. The exceptions were bluegill (2.06
ug/g dry weight) and carp (2.5 pg/g dry weight) from
the reach of the San Joaquin River between the Men-
dota Pool and the Salt Slough (fig. 4A). Previous stud-
ies of resident fishes and anadromous striped bass also
suggested some local enrichment of selenium in the
area between the Mendota Pool and the Salt Slough,
perhaps from undocumented drainwater discharges or
seepage from municipal sewage-treatment ponds
(Saiki and May, 1988; Saiki and Palawski, 1990).

Farther downstream in the San Joaquin River,
after the inflow of one or more of the east-side tribu-
taries, mean tissue concentrations were <1.8 pg/g dry
weight. Tissue concentrations in fish from the Merced,
the Tuolumne, and the Stanislaus Rivers and Orestimba
Creek (fig. 4A4) were <1.8 pg/g dry weight. White and
others (1988, 1989) suggested that lower selenium con-
centrations in fishes from the lower San Joaquin River
might result from dilution by low-selenium water from
the Merced, the Tuolumne, and the Stanislaus Rivers,
uptake by organisms not in the fish food chain, losses
from volatilization or sequestering in sediments.

Saiki and Palawski (1990) noted a similar pattern
of selenium concentration in their study of juvenile
striped bass and also statistical differences in arsenic
concentrations among sites that suggested a spatial pat-
tern. Concentrations of arsenic in juvenile striped bass
decreased from mean concentrations of from 1.23 to
1.44 ng/g dry weight in samples collected from the
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Sacramento—San Joaquin Delta and the San Francisco
Bay (west of the study unit) to a concentration of about
0.25 pg/g dry weight in the samples from the Grass-
lands area (fig. 5). Examination of the data indicates
high concentrations of arsenic in the estuary. The anal-
ysis might not be statistically significant if the estuary
sites were excluded and analysis were restricted to the
San Joaquin River and tributaries, though arsenic con-
centrations did tend to be lower in fish from upstream
areas. Saiki and Palawski (1990) suggested the pattern
might be due to upstream movement of fish with high
arsenic concentrations from the estuary into the lower
reaches of the San Joaquin River.

Saiki and May (1988) noted statistically signi-
ficant differences among sites for boron, nickel, and
selenium concentrations in tissues of bluegill and carp.
They also noted statistically significant differences in
tissue concentrations of lead, molybdenum, and nick-
el, between bluegill and carp collected from the same
sites. However, a spatial pattern in tissue concentra-
tions was recognized only for selenium. The pattern
was basically the same as the above studies—low con-
centrations of selenium from streams draining the east
side of the valley, high concentrations from a Grass-
lands site (Salt Slough) and from San Joaquin River
sites above the Merced River, and decreasing concen-
trations at downstream San Joaquin River sites, pre-
sumably due to mixing of low-selenium waters from
east-side tributaries. The species differences followed
no clear pattern.

Leland and Scudder (1990) noted spatial varia-
tion in concentrations of arsenic, cadmium, copper,
mercury, nickel, and selenium in soft tissues of Corbi-
cula. The pattern for selenium in Corbicula was simi-
lar to that observed for fishes. In samples collected in
September and October 1985, mean concentrations of
selenium ranged from 2.93 to 4.06 pg/g dry weight at
most San Joaquin River sites between the Mendota
Pool and the Bear Creek (fig. 4A4), the Tuolumne River
(3.7 mi above the San Joaquin River), the Salt Slough,
and the Delta—Mendota Canal (fig. 5). Higher concen-
trations (>5.0 pg/g dry weight) were detected from the
Orestimba Creek and the Mud Slough (north). In con-
trast to the fish data previously reviewed, selenium
concentrations in Corbicula from sites between the
Mendota Pool and low-selenium inflows from the Bear
Creek and the Mariposa Slough (fig. 4A4) were higher
than concentrations in the San Joaquin River at sites
influenced by high-selenium water from the Grass-
lands. Concentrations at sites below the confluence

with the Merced River ranged from 2.53 to 3.04 pg/g
dry weight.

Leland and Scudder (1990) also noted a spatial
pattern in the distribution of mercury in Corbicula.
Uniformly low concentrations were present in Corbic-
ula from the San Joaquin River from above the Tuol-
umne River to below the Mariposa Slough and from the
Bear Creek (from 0.11 to 0.13 pug/g dry weight). Con-
centrations were statistically higher in Corbicula from
the more upstream sites on the San Joaquin River, the
Salt Slough, and the Delta—Mendota Canal (from 0.15
to 0.21 pg/g dry weight) (fig. 5). Concentrations of
mercury in Corbicula were highest (>0.32 ng/g dry
weight) in specimens from the Tuolumne and the
Merced Rivers, the Orestimba Creek, the Mud Slough
(north), and the San Joaquin River below the conflu-
ence with the Tuolumne River. On the basis of these
data, both the east and west sides of the San Joaquin
Valley are sources of mercury. Historic mining sites
where mercury was used in gold processing are the pri-
mary sources of mercury in east-side streams (Rasmus-
sen and Blethrow, 1990, 1991). Flooding of abandoned
mercury mines and natural ore deposits by reservoirs in
the Sierra Nevada foothills and the Coast Ranges has
been implicated as another source of contamination
(Agee, 1986). No relation was noted between concen-
trations of mercury in Corbicula and concentrations in
fine sediments (<62 pwm). Mercury concentrations in
bed sediments were highest and lowest in the Tuol-
umne River and the Orestimba Creek, respectively, but
concentrations in tissue were high at both sites. The
lack of correlation between tissue and bed sediments
could indicate that bed sediments do not adequately
represent the particulate matter, including suspended
sediment, that freshwater clams consume.

A spatial pattern in arsenic concentrations in
Corbicula tissue was documented by Leland and Scud-
der (1990). San Joaquin River sites above the Bear
Creek, as well as sites on the Merced River, the Delta—
Mendota Canal, and the upstream reaches of the Salt
Slough and the Tuolumne River, had statistically
higher concentrations (from 7.7 to 13.9 pg/g dry
weight) than those at sites downstream from the Bear
Creek (from 5.29 to 7.73 pg/g dry weight). Arsenic
concentrations in Corbicula from the site immediately
downstream from the Bear Creek were significantly
lower than those from the downstream San Joaquin
River sites that received arsenic inputs from the Salt
and the Mud Sloughs. A statistically significant rela-
tion between arsenic concentrations in Corbicula and
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the HNO;-extractable (pH 2) arsenic-to-iron ratio of
suspended matter (>45 um) was documented for sites
downstream from the Bear Creek. Arsenic concentra-
tions in Corbicula were not correlated to either solute
arsenic (concentrations of arsenic in filtered water with
particles <45 pum) or the organic carbon content of bed
sediments.

Concentrations of cadmium were statistically
higher in Corbicula from the Delta—Mendota Canal
and two sites within 18 mi downstream from the Men-
dota Pool (from 0.60 to 0.80 pug/g dry weight) than in
Corbicula from the remainder of the San Joaquin River
sites (from 0.24 to 0.48 pg/g dry weight) (Leland and
Scudder, 1990). Cadmium concentrations were also
high in clams from the Merced and the Tuolumne Riv-
ers, the Orestimba Creek, and the Mud Slough (from
0.41 to 0.92 pg/g dry weight) when compared with the
concentrations in clams from the lower San Joaquin
River sites (from 0.29 to 0.40 pg/g dry weight).

Statistically significant spatial patterns in con-
centrations of copper were noted only for larger clams,
though the trend was the same for smaller individuals.
In the San Joaquin River, concentrations of copper in
clams decreased from the Mendota Pool to the site
above the Bear Creek; concentrations just below the
Mendota Pool were similar to concentrations in the
Delta-Mendota Canal. Copper concentrations in clams
increased significantly below the Bear Creek and also
downstream from the Merced River (fig. 44). Concen-
trations in clams from the Merced and the Tuolumne
Rivers were higher than those in clams from the San
Joaquin River, but concentrations in clams from the
Mud Slough (north) and the Salt Slough were similar to
those in clams from the lower San Joaquin River sites.

The spatial variation in concentrations of nickel
in Corbicula was difficult to interpret because data
were not available for all sites, and concentrations var-
ied significantly based on the size of the clam (Leland
and Scudder, 1990). The general pattern in the San
Joaquin River seemed to be a decrease in concentra-
tions from the Mendota Pool downstream to the conflu-
ence with the Tuolumne River (fig. 4A), where they
increased. Concentrations were lower in clams from
the Merced River than in those from the San Joaquin
River or the Mud and the Salt Sloughs. Concentrations
of nickel were highest in Corbicula from the Orestimba
Creek.

No relation was found between concentrations of
cadmium, copper, or nickel in clams and solute con-

centrations (<45 um) in water. Concentrations of all
three elements were elevated in fine (<62 um) bed sed-
iments from the Merced and the Tuolumne Rivers rel-
ative to the San Joaquin River. The HNO;- extractable
(pH 2) ratios of copper to iron and nickel to iron also
were substantially higher in the Merced and the Tuol-
umne Rivers than in the San Joaquin River. Concentra-
tions of solute copper and nickel were lower in water of
the Merced and the Tuolumne Rivers than in the San
Joaquin River. Leland and Scudder (1990) suggested
that these observations indicated elevated concentra-
tions of copper in Corbicula from the Merced and the
Tuolumne Rivers might be related to higher available
copper concentrations in particulate matter or sus-
pended sediments. However, the same pattern of trace
element availability did not translate into higher con-
centrations of nickel in Corbicula tissue.

In summary, 21 trace elements were detected in
tissues of biota in the study unit. Some concentrations
of these elements were elevated, based on criteria
developed for California; however, few concentrations
were high enough to be of concern for the health of
either humans or fish and wildlife. The elements of
most concern were mercury and selenium. Mercury
concentrations were elevated in east-side tributary
streams, particularly in the large foothill reservoirs, but
were below levels of concern for humans, fish, and
wildlife. Selenium concentrations in biota commonly
exceeded California criteria on the valley floor in the
Grasslands area (fig. 5) and where the Grasslands tribu-
taries contribute significant discharge to the San Joa-
quin River. Biota from east-side tributaries generally
were lower in selenium, as were downstream areas of
the San Joaquin River. The concentration of selenium
in tissues of Corbicula and probably fish seems to be in
direct correlation with the dissolved concentration in
the water column. Studies of Corbicula seem to be
more successful at documenting spatial patterns in
trace-element concentrations than do studies of fish,
probably because of the limited mobility of Corbicula.

Trace Element Cycling in Food Webs

The limited number of food-web studies from
the study unit focused on selenium cycling through the
environment to fish and wildlife. The most detailed
study was done by the Lawrence Berkeley Laboratory
in 1986-87 (Lawrence Berkeley Laboratory, 1987) of
the Kesterson Reservoir ponds (fig. 5). The extent to
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which their results can be extrapolated to surrounding
wetlands and sloughs is unknown, but the dynamics
likely are similar. Their studies included laboratory
microcosm (20-L container), field mesocosm (1-acre
pond), and field studies that included permanently wet,
seasonally wet, and ephemeral habitat types.

Microcosm experiments with the macroalga
Chara demonstrated a large decline in tissue-selenium
concentration from 53.2 to 17.5 pg/g dry weight during
a 17-month period, a loss of 67 percent of the original
selenium load. At the beginning of the experiment,
selenium-containing Chara and bottom sediments
from the Kesterson Reservoir were placed in sealed
microcosms with low-selenium water. The residual
selenium in tissue was attributed to the experimental
environment (from 10 to 15 pg/L of dissolved sele-
nium), which prevented loss of selenium through seep-
age, while enhancing biological retention. Although
not stated, much of the selenium was likely present in
the microcosms, but the microcosms had reached an
equilibrium with less selenium partitioned into tissues
and more selenium in the water, sediment, or both.

In the mesocosm experiments, large rapid losses
of selenium from biota (depuration) also were noted
when low-selenium water was supplied. The mean
concentration of selenium in Chara decreased from
51.2 to 5.9 pg/g dry weight during a 1-year period (88
percent decrease), as did that of the aufwuchs com-
munity living on Chara (periphytic diatoms, algae,
detritus, and minute invertebrates) from 53.6 to 9.7
ug/g (82 percent decrease). Selenium concentrations
also decreased for all other sampled taxa including
predatory damselfly nymphs (from 97.5 to 15.8 pg/g)
and mosquitofish (from 91.3 to 28.1 pg/g), although
the decrease in mosquitofish was somewhat slower.
The differences in rates of selenium elimination
between predatory damselfly nymphs and mosquitofish
could be due to several factors, including differences in
assimilation rates, regulatory mechanisms, types of
ingested materials, and metabolic processes. These
decreases took place despite constant concentrations of
selenium in surficial sediments. Emergent vegetation
also had significant decreases in concentrations of sele-
nium in leaves, roots, and rhizomes of 87, 60, and 94
percent, respectively, during the same period.

Similar patterns were evident in field studies
when a pond was exposed to a pulse of selenium-rich
water in July and August 1986, and the concentration
of selenium in biota was monitored over time. Chara

and the aufwuchs community had increased selenium
concentrations in a few weeks, reaching a peak in
November 1986. Selenium increased somewhat more
rapidly in predatory mosquitofish, tabanid larvae, and
dytiscid beetles and peaked in October 1986. Concen-
trations of selenium then decreased at all trophic levels.

Construction of a food web was based on gut-
content analysis, composition of the aufwuchs, and
published information on food habits of individual
taxa. The base of the food web in the Chara-dominated
permanent pond was diatoms and aufwuchs detritus
and its associated bacteria, rather than Chara itself.
Only a few hydrophilid beetles consumed Chara
directly. The primary consumers included macroinver-
tebrates, such as herbivorous dipteran, ephemerop-
teran and hydrophilid beetle larvae, herbivorous hydro-
philid beetle adults, detritivorous soldierfly larvae, and
an assemblage of microinvertebrates, such as mites.
Secondary consumers (predators) included odonate
nymphs, mosquitofish, tabanid and dytiscid larvae, and
dytiscid adults. Corixids were classified as omnivores,
which can be either primary or secondary consumers.
Tertiary consumers included mosquitofish, tabanid lar-
vae, and larger dytiscid beetles.

Food-web dynamics in evaporation ponds were
addressed by Parker and Knight (1989) in a general
manner, but they collected no quantitative data on fac-
tors that could influence trophic interactions. Their
food webs were similar to the Kesterson Reservoir
food webs. The aquatic macrophyte, widgeon grass
(Ruppia maritima), was present in lower salinity ponds
and served the same function as Chara in the Kesterson
ponds, providing a substrate for organisms and a sub-
stantial source of detritus to the system. Ruppia seeds
are consumed by waterfowl, at the top of the food
chain. In general, this detritus and the substrate-
associated filamentous blue-green algae, diatoms, and
bacteria formed the base for the generalist herbivore-
detritivores (Corixidae, Chironomidae, Ephydridae).
Zooplankton feeding on phytoplankton represented a
comparable chain in the water column. The herbivore-
detritivores and zooplankton can be consumed by the
waterfowl or pass through an intermediate level of
consumers (Coenagrionidae, Notonectidae). In ponds
with higher salinity, Ruppia was not present, and the
food web was dominated by attached algae and det-
ritus. The intermediate consumers were no longer
present. This food web did not necessarily produce less
biomass because the organisms adapted for exploiting
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these environments (Trichorixa, Ephydra, and
Artemia) were abundant.

Organic Pesticides in Aquatic Biota

Atleast 350 pesticides were used in the eight-
county study unit during 1988 (California Department
of Pesticide Regulation, 1988). More than 54 million
Ibs of restricted-use pesticides were applied. Unknown
quantities of nonrestricted pesticides and herbicides
also were used for various purposes, including road-
side weed control.

Pesticides have been detected in the water col-
umn and sediments of a variety of water bodies, includ-
ing the San Joaquin River, its large and small tribu-
taries, and various agricultural drains (Gilliom and
Clifton, 1990; Foe and Connor, 1991). Pesticides also
were detected in the tissues of aquatic biota (Saiki and
Schmitt, 1986; Rasmussen and Blethrow, 1990, 1991;
Rasmussen, 1992). Possible sources of pesticides in
surface water include the release of irrigation tailwater
containing pesticides into surface drains, run-off from
treated fields following rainfall, or drift of pesticides
during aerial spraying. Pesticides in tailwater and run-
off can be in dissolved forms or adsorbed onto sus-
pended sediment. The relative contributions of the
various sources and forms of contaminants are not well
understood.

The effects of pesticides on aquatic biota are
variable. At high concentrations, relative to the toxicity
of the chemical, a single dose can cause rapid mortal-
ity (acute toxicity). At more moderate concentrations,
death may occur after multiple exposures or contin-
uous exposure (chronic toxicity). Bioaccumulation of
pesticides in biota can pose a direct threat to the organ-
ism or to organisms higher in the food chain, including
humans. In addition to mortality, exposure to pesti-
cides can cause disease, deformities, or inhibition of
reproduction. Changes in behavior may decrease an
organism's ability to escape predators or forage effi-
ciently. Pesticides also can affect a given species indi-
rectly by eliminating its food or changing the environ-
ment within the biological community to favor a
competitor.

In general, pesticides are not a constant problem
in the water column, but vary in importance season-
ally. To date, two pesticide-use seasons, when signifi-
cant pesticide loads are released to the environment,
have been studied intensively. Dormant trees in almond
orchards are sprayed in December and January to con-

trol insects, and subsequent rainfall can flush pesticides
into surface water. Diazinon and ethyl parathion are the
most commonly used compounds. Ethyl parathion is
more toxic than diazinon, but has rarely been detected
during monitoring programs because it degrades rap-
idly. Conversely, diazinon, which remains in the envi-
ronment longer, has been observed along stretches of
the San Joaquin River and in the Sacramento—San
Joaquin Delta with little evidence of ongoing degrada-
tion (Kuivila, 1993).

Another period of heavy pesticide use is in
March and April when alfalfa fields are treated to
control insects. Various pesticides are used including
carbofuran, chlorpyrifos, diazinon, endosulfate, and
malathion. Carbofuran and diazinon are detected
consistently in the San Joaquin River during March and
April (Kuivila, 1993); the other three compounds are
detected occasionally.

Pesticide use is high during summer, but moni-
toring activities have been insufficient to describe
pesticide patterns in either the San Joaquin River or its
tributaries during this time period. Pesticides detected
in the water column included carbaryl, carbofuran,
chlorpyrifos, diazinon, diuron, eptam, and parathion
(Foe and Connor, 1991). The effects of contaminants
on biological communities could be severe during the
summer months because much of the flow in the river
consists of irrigation return water from surface and
subsurface drains (Clifton and Gilliom, 1989); how-
ever, no data are available to determine which period
has the greatest effect on biota.

Simazine was detected in samples from the San
Joaquin River taken during the December—January and
March—-April pesticide-use seasons (MacCoy and
others, 1995). Simazine is not associated with any
particular crop, but is used extensively for weed control
along highways.

Although use of DDT has been banned in the
United States since 1972, valley soils still contain
significant amounts of DDT and its metabolites and are
a long-term source of these contaminants to surface
water. These compounds enter the San Joaquin River
primarily from west-side tributaries (Gilliom and
Clifton, 1990). Research is needed to clarify transport
processes of these and other pesticides that are bound
to fine-grained sediments. Further work on spatial and
temporal distributions of contaminants is needed to
understand pesticide loading in the San Joaquin River
and its tributaries more fully.

Major studies of pesticides in biota include the
TSMP (Rasmussen and Blethrow, 1990, 1991; Ras-
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mussen, 1992) described previously and a study by detectable amounts at every location (fig. 7). Even

Saiki and Schmitt (1986). Between these two studies, biota taken from sites in the Sierra Nevada contained

fish of various species were collected at 32 sites in the pesticides, usually low concentrations of DDT and its

study unit, and at least one pesticide was present in metabolites (Rasmussen and Blethrow, 1990, 1991).
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Figure 7. Sites sampled for pesticides in tissues of biota in the San Joaquin-Tulare Basins study unit, Califomia.
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As with trace elements, the TSMP has compiled
various criteria for 45 chemicals monitored on a regu-
lar basis. Criteria for fish are based on concentrations
of chemicals in whole fish (table 11), fish filets (table
11), and lipids (extracted from whole fish or fish filets)
(table 12). Criteria for Corbicula have not been estab-
lished. A number of chemicals, including p,p” dichlo-
robenzene, pentachlorophenol, and 2,3,5,6-tetrachloro-
phenol are analyzed only occasionally. A total of 35
chemicals were detected in the tissues of Corbicula,
fish (whole or filet), or lipids (tables 13 and 14). Most
were detected only occasionally or in low concentra-
tions. Concentrations in fish usually did not exceed the
criteria used by the TSMP (tables 11, 12, and 15). The
major exceptions include chemical group A, total chlo-
rdane, total DDT, hexachlorobenzene, and toxaphene.
When concentrations of chemical group A exceeded
the criteria used by TSMP, the excessive concentra-
tions usually were due to chlordane or toxaphene.

Toxaphene, once a widely used pesticide applied
to various crops and also used to control parasites on
livestock, was banned at the end of 1986 (Rasmussen
and Blethrow, 1990). However, every fish sample col-
lected from the San Joaquin River near Vernalis (fig.
4A) since 1978 has exceeded the criteria for chemical
group A, due to high concentrations of toxaphene
(National Academy of Sciences and National Academy
of Engineering, 1973). A 1984 sample had the highest
concentration of toxaphene (14,000 ng/g wet weight)
ever detected in California (Rasmussen and Blethrow,
1990), and three of the six samples that exceeded the
U.S. Food and Drug Administration (FDA) human-
health action level came from the same site. Concentra-
tions of toxaphene also have been high in fish from the
San Joaquin River below the confluence with the Mer-
ced River and tributaries that drain substantial areas of
cultivated land, including the Orestimba Creek, and the
Tuolumne, the Stanislaus, the Merced, and the Kings
Rivers, and waterways in the Grasslands (figs. 44, B
and 5) (Saiki and Schmitt, 1986; Rasmussen and Bleth-
row, 1990, 1991). Toxaphene probably continues to
enter the aquatic ecosystem, most likely in contami-
nated soils that are washed into the water or sediments
that are disturbed during high discharge. However,
toxaphene concentrations in fish collected from the San
Joaquin River in 1988 were only about one-half those
in 1987 samples of channel catfish, and toxaphene was
not detected in a 1990 sample of largemouth bass
(Rasmussen and Blethrow, 1991; Rasmussen, 1992).
Whether these declines represent a long-term trend or

if they are temporary is unknown. Rasmussen and
Blethrow (1990) reported that concentrations of some
chemicals seemed to fluctuate with changes in dis-
charge. If concentrations of toxaphene in fish tissues
are dependent on discharge, the apparent decline in
toxaphene could be a response to the on-going drought
in the study unit, perhaps through decreased inputs of
toxaphene-contaminated soil.

Similar to toxaphene, concentrations of total
DDT (banned in 1972) in fish have been high in TSMP
samples from the lower San Joaquin River almost
every year. In 1986, total DDT exceeded the FDA
human-health action level of 5,000 ng/g wet weight in
a sample of channel catfish from the San Joaquin River
near Vernalis (Rasmussen and Blethrow, 1990). Other
samples that exceeded criteria were collected from the
Merced, the Tuolumne, and the Stanislaus Rivers; the
San Joaquin River below the confluence with the
Merced River; the San Joaquin River above the conflu-
ence with the Bear Creek; the Orestimba Creek; and the
Salt Slough (the northwest Grasslands) (Rasmussen
and Blethrow, 1990, 1991). Almost everywhere in the
study unit, including the Sierra Nevada reservoirs,
DDT or its metabolites were detected.

Chlordane, a mixture of chlorinated hydro-
carbons, was used primarily for subterranean termite
control until it was banned in 1988. Total chlordane
exceeded criteria primarily in the lower San Joaquin
River, but also exceeded criteria in the Kings, the
Tuolumne, and the Stanislaus Rivers.

Hexachlorobenzene regularly exceeds criteria in
the study unit. This chemical was used as a wheat-seed
protectant, but is no longer registered for use in Cali-
fornia because of its high soil persistence. Similar to
previously discussed chemicals, concentrations of hex-
achlorobenzene exceeded criteria mostly in the lower
San Joaquin River near Vernalis, but also in the
Merced, the Tuolumne, and the Stanislaus Rivers and
the Orestimba Creek.

Tissue data are sometimes difficult to interpret
because different species of fish concentrate chemicals
in different amounts. For example, the TSMP has col-
lected both channel and white catfish from the lower
San Joaquin River near Vernalis. Toxaphene concen-
trations were consistently lower in white catfish com-
pared with channel catfish, and temporal variation in
tissue concentrations from individual sites that seemed
to be related to annual discharge were noted (Rasmus-
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Table 11. Criteria for evaluating organic chemical concentrations in tissues of various species of fish, on a wet weight basis,
through 1990

[Significant figures are shown as reported. <, less than. Evaluation criteria—NAS, recommended guidelines for toxic chemicals in whole fish for protection of wild-
life (National Academy of Sciences and National Academy of Engineering, 1973). FDA, action levels for toxic chemicals in edible portions of fish (U.S. Food and
Drug Administration, 1985). EDL 85 and EDL 95, elevated data level for 85th and 95th percentiles are based on data collected by Toxic Substances Monitoring Pro-
gram (TSMP) between 1987 and 1990 (Rasmussen, 1992) and are recalculated annually. Chemical—DDD, dichlorodiphenyldichloroethane; DDE, dichlorodiphe-
nyldichloroethylene; DDMS, dichlorodiphenylmonochlorosaturatedethane; DDMU, dichlorodiphenylmonochlorounsaturatedethane; DDT, dichlorodiphenyltrichlo-
roethane; HCH, hexachlorocyclohexane; PCBs, polychlorinated biphenyls]

Evaluation criteria [Wet weight (nanogram per gram)]

Chemicai NAS oA s Whoie fish e Fish fiiets
umber o umber o
samples EDL 85 EDL 95 samples EDL 85 EDL 95
Chemical group AT ... ... ..., 100 — 89 1,808.6 3,705.2 656 475 1,387
Aldrin...................... 100 300 89 <5.0 <5.0 636 <5.0 <5.0
Chlordane, total .. ............ 100 300 89 171.7 250.5 641 450 123.8
Chlordene, alpha............ — — 89 <5.0 6.0 532 <5.0 <5.0
Chlordene, gamma .......... — — 89 8.0 13.1 532 <5.0 <5.0
Cis-chlordane .............. — — 89 48.0 75.2 641 14.0 37.8
Cis-nonachlor . ............. — — 89 20.6 322 532 6.4 18.8
Oxychlordane .............. — — 89 14.0 20.0 640 <5.0 <5.0
Trans-chlordane ............ — — 89 29.6 41.4 641 55 21.0
Trans-nonachlor ............ — — 89 55.7 79.3 612 19.2 45.4
Chlorpyrifos................. — — 89 393 105.5 636 <10.0 20.0
Dachthal. ................... — — 89 113.0 426.0 642 13.7 338.0
DDT,t0tal .................. 1,000 5,000 89 3,704.1 6,995.7 642 881.4 2,617.7
op,DDD................. — — 89 85.0 222.0 641 12.0 370
pp.DDD................. — — 89 386.0 1,155.0 641 97.8 270.0
op,DDE................. — — 89 276 55.6 641 <5.0 26.0
pp.DDE ................. — — 89 2,295.0 4,760.0 642 717.3 2,000.0
pp,>DDMS................ — — 89 <30.0 <30.0 641 <30.0 <30.0
pp.DDMU............... — — 89 82.9 203.0 641 <5.0 45.0
op,DDT ................. — — 89 50.7 155.0 639 <10.0 18.0
pp,.DDT ................. — — 89 193.0 465.5 641 32.8 129.5
Diazinon.................... — — 88 <50.0 <50.0 617 <50.0 <50.0
p.p’, Dichlorobenzophenone . . . . — — 0 %) Q) 6 A %)
Dicofol (Kelthane)............ — — 89 <100.0 <100.0 636 <100.0 <100.0
Dieldrin .................... 100 300 88 140.0 544.0 623 12.0 38.8
Endosulfan, total ............. 100 — 89 150.2 3554 642 7.2 106.5
Endosulfan............... — — 89 27.0 59.1 642 <5.0 25.0
EndosulfanIl............... — — 50 77.0 92.5 182 <70.0 97.0
Endosulfan sulfate. . ......... — — 50 210.0 365.0 182 <85.0 130.0
Endrin...................... 100 300 89 18.0 56.2 639 <15.0 <15.0
HCH,total .................. 100 — 89 45 11.4 639 A 5.2
HCH,alpha................ — — 89 <2.0 22 639 <2.0 <2.0
HCH,beta................. — — 89 <10.0 <10.0 639 <10.0 <10.0
HCH,delta ................ — — 89 <5.0 <5.0 639 <5.0 <5.0
HCH, gamma (Lindane). . . ... — —-— 89 3.7 9.4 639 <20 3.6
Heptachlor .................. 100 300 89 <5.0 <5.0 636 <5.0 <5.0
Heptachlor epoxide ........... 100 300 89 8.2 15.1 636 <5.0 <5.0
Hexachlorobenzene ........... — — 89 13 11.0 639 <2.0 6.6
Methoxychlor. ............... — — 89 <15.0 <15.0 634 <15.0 <15.0
Oxadiazon .................. — — 23 1,530.0 2,140.0 102 <5.0 <5.0
Parathion, ethyl .............. — — 88 <10.0 <10.0 617 <10.0 <10.0
Parathion, methyl............. — — 88 <10.0 <10.0 617 <100 <10.0
PCBs,total.................. 500 42,000 90 281.5 678.0 671 140.0 388.4
PCB-1248 ................. — — 90 <50.0 <50.0 671 <50.0 <50.0
PCB-1254 ................. — — 90 175.0 440.0 671 <50.0 164.5
PCB-1260................. — — 90 110.0 185.0 671 66.7 204.5
Pentachlorophenol .. .......... — — 3 6] A 18 3.0 5.2
2,3.5,6-tetrachlorophenol. . . . . . . — — 3 %) A 18 <2.0 18
Toxaphene .................. 100 5,000 89 1,265.0 2,355.0 654 300.0 1,100.0

IChemical group A is defined by National Academy of Sciences as the sum of aldrin, total chlordane, dieldrin, total endosulfan, total HCH, heptachlor,
heptachlor epoxide, and toxaphene.
%[nsufficient number of samples to compute elevated data levels.
3Less than the detection limits of the individual chemicals included in the total.
“Tolerance level (Code of Federal Regulations, v. 23, part 109, May 29, 1984). An action level is revoked when a tolerance level is established for the same sub-
stance and use.
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Table 12. Criteria for evaluating organic chemical concentra-
tions in tissues of various species of fish, on a lipid weight
basis, through 1990

[Significant figures are shown as reported. Evaluation criteria—EDL 85 and
EDL 95, elevated data level for 85th and 95th percentiles are based on data col-
lected by Toxic Substances Monitoring Program (TSMP) between 1987 and
1990 (Rasmussen, 1992) and are recalculated annually. Chemical—DDD,
dichlorodiphenyldichloroethane; DDE, dichlorodiphenyldichloroethylene;
DDMS, dichlorodiphenylmonochlorosaturatedethane; DDMU, dichlorodiphe-
nylmonochlorounsaturatedethane; DDT, dichlorodiphenyltrichloroethane;
HCH, hexachlorocyclohexane; PCBs, polychlorinated biphenyis]
Evaluation criteria [lipid weight
(nanogram per gram)]

Chemical Number of
samples EDL 85 EDL 95
Chemical group A™.............. 666 292271 103,793.0
AL oo 645 & ')
Chlordane, total ..... 651 3,624.9 9,423.0
Chlordene, alpha.... 618 (2) (2)
Chlordene, gamma s 618 (2) 114.6
Cis-chlordane ............... 651 991.0 2,730.0
Cis-nonachlor .................... 618 339.7 1,162.0
Oxychlordane 651 16) 246.9
Trans-chlordane................. 651 510.2 1,325.8
Trans-nonachlor ................ 651 1,556.2 42774
ChIOIPYTifos ....v.vvvvveverin, 645 A 2,008.0
Dachthal ........oo.oceveeerenreone. 652 1,596.7 21,0734
DDT, total.........oocerevvc 652 68,5349  188,665.3
651 796.9 3,063.5
651 7,071.9 21,8463
651 2184 1,088.4
652 55,8606  148,586.1
651 A A
651 580.9 2,691.6
650 G) 1,788.8
650 800.1 5,220.6
625 A A
p.p’, Dichlorobenzophenone. 6 (3) (3 )
Dicofol (Kelthane)................ 645 %) A
[ DTTS o1 632 916.4 4,034.5
Endosulfan, total................... 652 408.6 7,358.5
EndosulfanT...... 652 252.0 2,080.5
Endosulfan II.. 231 %) 4,678.7
Endosulfan sulfate . . 231 2,588.2 12,963.0
30 1 WO 649 ) %)
HCH, total ......coovvreererrerns 649 60.0 682.7
HCH, alpha. . 649 A A
HCH, befa............ccour. 649 A A
HCH, delta........oveveren. 649 A )
HCH, gamma (Lindane).... 649 %) 4032
Heptachlor..........cccoceoereenneee. 645 (2) (2)
Heptachlor epoxide .............. 645 A G}
Hexachlorobenzene .. . 649 59.6 565.9
Methoxychlor ... 644 A A
Oxadiazon ........ . 126 A 11,9937
Parathion, ethyl ........cc.c........ 626 (2) (2)
Parathion, methyl ............... 626 6] )
PCBs, total ....... . 680 8,521.3 40,500.0
PCB-1248. ..o 680 A A
PCB-1254 ... 680 2317.1 11,200.8
PCB-1260.......... 680 2,284.0 15,189.9
Pentachlorophenol 18 264.3 3993
2,3,5,6-tetrachlorophenol ..... 18 ) 2373
Toxaphene ................ccouneee. 664 17,154.9 84,278.5

!Chemical group A is defined by National Academy of Sciences and
National Academy of Engineering as the sum of aldrin, total chlordane, dieldrin,
total ergdosu]fan, total HCH, heptachlor, heptachlor epoxide, and toxaphene.

“Elevated data level is less than the detection limit.

3Insufficient number of samples to compute elevated data levels.

sen and Blethrow, 1990). Pesticide concentrations were
higher in years with high discharge perhaps due to
larger inputs of contaminated soils; such a pattern
could explain the lower concentrations of toxaphene in
channel catfish from the San Joaquin River near
Vernalis in 1988 compared with previous samples.

Saiki and Schmitt's (1986) study of organo-
chlorine chemical residues in fish tissues avoided
interspecific variation by concentrating on two wide-
spread and abundant species, bluegill and carp, and
sampling during a limited time period. Sampling sites
included five San Joaquin River sites from below the
Millerton Reservoir to Vernalis, two sites on the
Merced River, and one site on the Salt Slough in the
northwest Grasslands (figs. 44, B and 5). The patterns
observed were similar to those already described.
Concentrations of p,p’-DDE, a DDT metabolite, were
detected in all samples. Concentrations of most
chemicals increased from upstream to downstream.
Also, concentrations of total DDT and toxaphene were
high in fish from the lower San Joaquin River near
Vernalis (Saiki and Schmitt, 1986).

As previously stated, a wide variety and large
amounts of pesticides are used in the study unit because
of the large amount of agricultural land and the wide
variety of crops produced. Many of these chemicals
have been detected in aquatic biota. Toxaphene, total
chlordane, total DDT, and hexachlorobenzene regu-
larly exceed criteria for safe consumption by predatory
species, including humans. These chemicals have been
banned in California and elsewhere, but their persis-
tence in the environment is lengthy. Concentrations in
biota will continue to be high for years to come.

Dissolved Solids

Dissolved solids, related to salinity, usually are
not considered contaminants of concern. However,
most freshwater biota are not able to survive signifi-
cant increases in salinity. For example, freshwater fish
die of water and ion imbalances when salinity is too
high (Moyle and Cech, 1988). The same agricultural
drainwater that carries dissolved trace elements and
pesticides into the San Joaquin River carries dissolved
salts also.

Saiki, Jennings, and Wiedmeyer (1992) did 28-
day static-exposure tests on juvenile chinook salmon
and striped bass in water that had varying concentra-
tions of dissolved salts and trace elements. For each
species, two groups of 10 fish were tested in each type
of water. The waters included undiluted agricultural
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Table 13. Statistical summary of organic chemical concentrations in tissues of various species of fish and Corbicula, on a wet
weight basis, through 1990

[Significant figures are shown as reported. Sampling and species collection varied among sites—some sites were sampled more than once; multiple species
were collected at some sites. The values analyzed include single composite samples or mean values from several composite samples. Calculations included
only samples in which concentrations exceeded the detection limit. —, no data. Chemical—DDD, dichlorodiphenyldichloroethane; DDE, dichlorodiphenyldi-
chloroethylene; DDMS, dichlorodiphenylmonochlorosaturatedethane; DDMU, dichlorodiphenylmonochlorounsaturatedethane; DDT, dichlorodiphenyl-
trichloroethane; HCH, hexachlorocyclohexane; PCBs, polychlorinated biphenyls. Sources—Saiki and Schmitt, 1986; Rasmussen and Blethrow, 1990, 1991,
Rasmussen, 1992]

Number of Tissue concentrations [Wet weight (nanogram per gram)]

. Number of -
Chemical det:;?ons‘ detections Maximum Minimum A"‘::':;:tic 3:?:&::
Whole fish

Chemical group A? 16 1 1,035.3 1,035.3 1,035.3 —
AWrin ..o 17 0 — — — —
Chlordane, total........... 0 1 14.3 14.3 14.3 —
Chlordene, alpha 1 0 — — — —
Chlordene, gamma.........cccocovernieernnennns 1 0 — — — —
Cis-chlordane.........ccoooovevmvenrieceiienrinreennins 0 1 6.9 6.9 6.9 —
Cis-nonachlor ...... 1 0 — — —
Oxychlordane ...... 1 0 — — — —
Trans-chlordane 1 0 — — — —
Trans-nonachlor...........c..coveeveeeeeenveneenees 16 1 7.4 74 74 —
ChIOrpyrifos ......ccceeeeenecinieneerccneeeeinne 1 0 — — — —

Dachthal 4 7 79 1 21.7 31.6
0 1 7,267 7,267 7.267 —

12 4 43 20 31.5 12.7

5 12 345 7 101.1 120.7
0 1 82 82 82 —_

0 17 6,600 13 857.8 1,552.8
0 16 1,866 13 498.9 486
1 0 — — — —
0 1 26 26 26 —_

15 2 89 2 455 61.5

10 7 92 3 39 41.3
1 0 — — — —
Dicofol (Kelthane) ...........ccoecvvvvevercrerecnnnens 1 0 — — — —
Dieldrin .....ceeceiviereeeeeire et 9 8 67 5 25.6 22
Endosulfan, total ........ccc.cooveevevinneccervennnenn 0 1 42 42 42 —
Endosulfan I 0 1 42 42 42 —
Endosulfan IT..........ccooeveivivecrenieeeceece 1 0 — — — —
Endosulfan sulfate 1 0 — — — —
Endrin........ccoevnreeiinennen 17 0 — —_ — —
HCH, total ............. 17 0 — —_ — —
HCH, alpha.. 12 5 3 1 2 1
HCH, beta...c..ooovveeiriiecivenreeceeveeeeen e 1 0 — — — -
HCH, delta......c..cccvvvveeecireerinesreneeee e 1 0 — — — —
HCH, gamma (Lindane)... 17 0 — — — -
Heptachlor................. 17 0 — — — —
Heptachlor epoxide ...... s 17 0 — — — —
Hexachlorobenzene...........c.cevvcenreveccnennnnnin, 16 1 32 32 32 —
17 0 — —
10 0 — — — —
OXAGIAZON ..o 1 0 — —_ — —
Parathion, ethyl ..........cccovvvvenniiiiininnnn. 1 0 — — — —
Parathion, methyl ..........cccocemiineniiienccn, 1 0 — — — -
PCBs, total.......cooouiveiiiiirreceeneeeecaeeccieeennne 1 0 — — — —
PCB-1248 .... 1 0 — — — —
PCB-1254 ... 17 0 — — — —
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Table 13. Statistical summary of organic chemical concentrations in tissues of various species of fish and Corbicula, on a wet
weight basis, through 1990—Continued

Number of Number of Tissue concentrations [Wet weight (nanogram per gram)]
Chemical nom 4 detections  Maximum Minimum Arithmetic Standard
detections mean deviation

Whole fish—Continued

PCBs, total—Continued:
PCB-1260 4 4 13 5 9 33
TOXAPhENE ......cooeiviiiereceireseceere s 15 2 3,123 940 2,031.5 1,543.6
Fish filets
Chemical roup AZ............ooooceeecereeecorevorins 34 59 15,180 7 1,286.7 2,382.4
AN et 79 0 — — — —
Chlordane, total 37 44 540 5.7 74.3 99.7
Chlordene, alpha.........cccovvveveeenenrerennene. 51 0 — — — —
Chlordene, gamma..........cccceeeecererenennnn 51 0 — — — —
Cis-chlordane............cceuenn.. 43 38 230 5 30.3 449
Cis-nonachlor............couee..... 40 11 92 13 31.8 24
Oxychlordane..........ccconee..... 73 8 20 5.4 8.5 4.8
Trans-chlordane 53 28 88 5.2 16.6 19.5
Trans-nonachlor 41 43 200 5.7 28.7 34.2
Chlorpyrifos ................ 79 0 — — — —
Dachthal ..........cccueneee. 74 7 14 7 11.3 2.6
5 76 5,180 5.1 746.1 997.5
64 17 140 11 31.2 344
32 59 450 10 92.9 111.3
62 19 160 10 299 33.5
5 76 3,500 5.1 570.4 710.2
81 0 — — — —
66 15 110 14 31.3 24.8
66 15 140 10 30.6 319
35 46 1,000 12 127 188.6
78 0 — — — —
p.p’, Dichlorobenzophenone.......... 1 3 180 36 98.3 73.9
Dicofol (Kelthane)............c.oovee.... . 65 4 480 160 330 174
Dieldrin. .. 50 30 53 5 14.9 12.1
Endosulfan, total..........cccovurverevnerireiernnrennons 65 16 596 8 87.3 159.5
Endosulfan L.......c.cccoeveiivinececccrienenne 66 15 280 6 429 78.5
Endosulfan Il ................... 19 3 220 77 139 73.4
Endosulfan sulfate ........... 19 3 120 96 112 13.9
Endrifi c..ooeeicieeieiieicreee, 81 0 — — — —
HCH, total 76 5 20 2 6 7.8
HCH, alpha.............c........ 80 1 3 3 3 —
HCH, beta.......coooveeerecreeeeiceseeeine 80 1 20 20 20 —
HCH, delta....coceerirvevereeriinnne 79 2 3 2.1 2.6 0.6
HCH, gamma (Lindane) ..........c.c..coeuucnu..e. 80 1 2 2 2 —
Heptachlor.........cocoeeeoeniresereceeeieeeesnns 79 0 — — — -
Heptachlor epoxide 77 2 11 5.5 83 39
Hexachlorobenzene ...........cveevvevviienvernennn. 66 15 1.5 2 2.8 1.5
Methoxychlor.........cceeveevinecerieecieieseeene, 78 0 — — — -
Oxadiazon 6 0 -— — — -
Parathion, ethyl.........ccocevevinenrninneincnne, 78 0 — — — —
Parathion, methyl ........ccccoovvveivnccninnennnene. 78 0 — — — —
PCBs, total 57 24 470 50 160 109.5
PCB-1248 ...t ceena 79 2 130 93 111.5 26.2
PCB-1254 .ovecereceeere e eireons 71 10 260 60 148.9 63.5
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Table 13. Statistical summary of organic chemical concentrations in tissues of various species of fish and Corbicula, on a wet
weight basis, through 1990—Continued

Number of Number of Tissue concentrations [Wet weight (nanogram per gram)]
Chemicat non- detections Maxi Minimum Arithmetic Standard
detections’ aximum nim mean deviation

Fish filets—Continued

PCBs, total—Continued:
PCB-1260.......cccovereeiinercneneerieneeereseeniaseens 62 19 210 50 112.1 57.2
TOXAPhENE.....coeeieeeriereirenieresrre e esaeareens 49 4 14,000 100 1,608.2 2,456.6
Corbicula (soft tissues)

ALAN ..o 16 0 —_— - — -
Chlordane, total .... 14 2 443 30 37.2 10.1
Chlordene, alpha........ 6 0 — — — -
Chlordene, gamma........cc.coceveveveiiinicncnccnnee 6 0 — — - -

Cis-chlotdane ...........ooeriveierevenserieeniseenas 14 2 14 8 11 42

Cis-nonachlor 5 1 72 7.2 72

Oxychlordane..........cccovvveveviiensnieninniens 16 0 —_ - — -

Trans-chlordane ............cceeevvvveevererenceennen, 14 2 11 9.1 10.1 1.3

13 2 14 11 12.5 2.1

13 3 84 11 43 373
16 0 —_— — — —

0 16 1,225 10 230.9 318.2

12 4 43 20 31.5 127

5 11 110 6 42 337

12 4 57 16 30 18.6

0 16 720 10 153.6 193.1
16 0 — — — —
16 0 — —_— — —
15 1 35 35 35 —
6 10 260 8 494 75
16 0 — — — -
16 0 — —_ - —

14 2 12 6.7 9.4 3.7
Endosulfan, total.......cccooeevenereenienninnesienenne 15 1 9.6 9.6 9.6 —
Endosulfan I..........ccoceveeeiinnniceeciencenen, 15 1 9.6 9.6 9.6 —
Endosulfan I1............ccooeeeiiiiiiicnieece s 5 0 — — —_ —_
Endosulfan sulfate.........cc.ccocvervvinennieniinnnns 5 0 — — — —_
ENdrin .ooooeccieicece et sve e 16 0 — — — —
HCH, total......... 16 — — —_— — —
HCH, alpha 16 0 — — — —
HCH, beta ... e anneees 16 0 — —_ —_ —
HCH, delta.........ccoovverevenienrerrieesieneenenens 16 0 — _— — —
HCH, gamma (Lindane).........ccoecvevcrennne. 16 0 — — — —
Heptachlor 16 0 — — — -
Heptachlor epoxide.........cocovvevvevenrincecniieenns 16 0 — — -— —
Hexachlorobenzene ..........cccceeereiiienrennen. 16 0 —_ —_ — -
Methoxychlor............... 16 0 — — — —
Parathion, ethyl............ 16 0 — — — —
Parathion, methyl 16 0 — — — -
PCBS, t0tal...c.oeevvierererireenecerceseee v e 16 0 — — -— —
PCB-1248........ocv oot caecneieereens 16 0 — — — -
PCB-1254... 16 0 — — — —
PCB-1260... 16 0 — — — —

TOXAPHENE.....c.oovrveeerreirieteiereeene e 12 4 780 180 367.5 280.9

ISamples in which an element was not detected should not be assumed to have a low concentration, because detection limits varied among studies.
2Chemical group A is defined by National Academy of Sciences and National Academy of Engineering (1973) as the sum of aldrin, total chlordane, dieldrin,
total endosulfan, total HCH, heptachlor, heptachlor epoxide, and toxaphene.
p,p’, DDE values recalculated omitting one high value of 6,600 obtained from a sample collected from Orestimba Creek at River Road.
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Table 14. Statistical summary of organic chemical concentrations in tissues of various species of fish and Corbicula, on a lipid
weight basis, through 1990

[Significant figures are shown as reported. Sampling and species collection varied among sites—some sites were sampled more than once; multiple species
were collected at some sites. The values analyzed include single composite samples or mean values from several composite samples. Calculations included
only samples in which concentrations exceeded the detection limit. —, no data. Chemical—DDD, dichlorodiphenyldichloroethane; DDE, dichlorodiphenyl-
dichloroethylene; DDMS, dichlorodiphenylmonochlorosaturatedethane; DDMU, dichlorodiphenylmonochlorounsaturatedethane; DDT, dichlorodiphenyl-
trichloroethane; HCH, hexachlorocyclohexane; PCBs, polychlorinated biphenyls. Sources—Saiki and Schmitt, 1986; Rasmussen and Blethrow, 1990, 1991;
Rasmussen, 1992]

Number of Number of Tissue concentrations [Lipid weight (nanogram per gram)]
Chemical non- detection . Mini Arithmetic Standard
detections? ete S Maximum inimum mean deviation
Fish (whole fish and filets)

Chemical group A2.........cccccoomrrvveerecscrscsn. 38 52 602,381 340.9 58,654.2 103,583.8
AILIN ..ot 76 0 — — — —

Chlordane, total 34 44 21,428.6 159.1 2,679.6 3,825.3
Chlordene, alpha..........coccoeenrvnieenirnennns 52 0 — — — —
Chlordene, gamma .........ccceeveveuecrrerenns 52 0 — — — —

Cis-chlordane 24 38 6,349.2 96.8 904.7 1,242.2

Cis-nonachlor.......c.veevenveevenvrrcniennen 41 11 3,650.8 243.1 1,129.5 928.5

Oxychlordane .........ccecovveeierennerrcscnnens 54 8 819.7 76.5 304.5 252.1

Trans-chlordane 34 18 3,492.1 60.7 5584 806.2

Trans-nonachlor 34 44 7,936.5 145.2 1,205.2 1,496.7
Chlorpyrifos 60 0 — — — —

Dachthal........cccocoeveimvennireercciercerenes 57 14 1,642.4 4 4379 559.6

4 58 212,295.1 5372 42,097.2 46,505.8

44 18 5,737.7 90.9 1,197.3 1,401.4

21 57 18,452.4 14 39354 4,424.3

42 20 6,349.2 64.9 1,122.2 1,392.7

4 74 143,442.6 5372 29,669.9 33,301.7
62 0 — — — —

48 14 4,365.1 103.9 879.1 1,070.6

61 17 5,555.6 8 1,248.8 1,367.8

34 44 40,983.6 8 4,335.2 7,695.4
59 0 — — — —

p,p’, Dichlorobenzophenone ................... 1 3 7,377 818.2 3,776.7 3,326.2
Dicofol (Kelthane) .........co.coveernirenenrnnne. 56 4 19,672.1 3,636.4 11,7254 8,827

Dieldrin ....covvveveeeveeiceceeeceene e 45 32 1,746 27 516 4414

Endosulfan, total ...........ccccevmrvvererenirenne. 46 16 44,4444 171.2 5,930 12,066.8

Endosulfan I .......ccccoovevevviievireeeceinne. 47 15 11,111.1 171.2 1,528.8 2,826.8

Endosulfan II........cccccoeevievereceneeirenns 20 3 8,730.2 2,727.3 54134 3,050.8

Endosulfan sulfate............cccoceverrirenne 20 3 44,444 4 3,809.5 18,569.1 22,482.6
Endrin.......ccooeeeeniccvrnnieeniinse e 78 (] — —_ — —

HCH, total 73 5 342.5 435 133.1 1213

HCH, alpha.........ccovvveeneveeiernninncrenene 72 6 68.2 3 22 25.8
HCH, beta........cccovvievenerenenireienirrene 61 1 342.5 3425 342.5 —

HCH, delta 60 2 1304 80.8 105.6 35.1
HCH, gamma (Lindane)....................... 77 1 435 435 43.5 —
Heptachlor.........ccovvevienicivrrre e 76 0 — — — —

Heptachlor epoxide 74 2 450.8 139.6 295.2 220.1

Hexachlorobenzene 62 16 297.6 143 81.4 70.6
Methoxychlor............... 75 0 — — — —
Mirex3............ 16 0 — — — —
0Oxadiazon ........ccceeveeevnivennenenrieerene. 7 0 —_ — — —
Parathion, ethyl ..........cccoceveeveriierennnnnn 59 0 — — — —
Parathion, methyl ..........ccoocovvveerieeecnnne. 59 0 — — — -

PCBs, total .......cccoovevneeeneereererecee e 40 22 12,460.3 761 4,759.6 3,575.9

PCB-1248 60 2 3,661.4 2,954.5 3,308 499.9

PCB-1254 68 10 8,730.2 958.5 4,286.7 2,740.8

PCB-1260......ccconimmremeneicrennnenrieesnens 57 21 10,869.6 14 2,635 2,598.5
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Table 14. Statistical summary of organic chemical concentrations in tissues of various species of fish and Corbicula, on a lipid
weight basis, through 1990—Continued

Number of Number of Tissue concentrations [Lipid weight (hanogram per gram)]
Chemical non- . . . Arithmetic Standard
detections’ detections Maximum Minimum mean deviation

Fish (whole fish and filets)—Continued

TOXAPhENe ......ccoovuviviiriiiinicciieeeenne 31 39 555,555.6 1,233.8 73,412.8 107,189.7

Corbicula (soft tissues)

AAFD ..ot 10 0 — — — —
Chlordane, total 8 2 4,663.2 1,500 3,081.6 2,236.7
Chlordene, alpha..........cccccenuriicnncnenn 6 0 — — — —
Chlordene, gamma.............cccoveererernenene 6 0 — — — —

Cis-chlordane 8 2 1,473.7 400 936.9 759.2
Cis-nonachlor 5 | 757.9 7579 7579 —
Oxychlordane 10 0 — — — —
Trans-chlordane 8 2 957.9 550 754 288.4
Trans-nonachlor...........cccceceveveeveeeenen. 8 2 1,473.7 550 1,0119 653.2
Chlorpyrifos 7 3 8,842.1 738.3 4,014.7 4,268.7
Dachthal ........ccccoovevivierenere e 10 0 — —_ — —
0 10 128,947.4 2,272.7 25,742.9 38,826.1
6 4 4,526.3 1,242.2 2,527.3 1,499.3
4 6 11,578.9 1,010.1 4,684.8 3,843.1
6 4 6,000 993.8 2,563.8 2,315.1
0 10 75,789.5 2,272.7 16,931.9 22,671.6
10 0 — — — —
10 0 — — — —
9 1 3,684.2 3,684.2 3,684.2 —
4 6 27,368.4 1,081.1 5,992.1 10,496
4 5 3,087.2 1,081.1 1,716.8 789
10 0 — — — —
Dicofol (Kelthane)..........c..oceceeveeinnnnnn. 10 0 — — - -
Dieldrin.........ccocoeveinicernnnn. 8 2 745.3 485.5 615.4 183.7
Endosulfan, total.........cccoevevvieviiecieiene 9 1 1,010.5 1,010.5 1,010.5 —
Endosulfan L..........cccooeeivievenennnnnnennn, 9 1 1,010.5 1,010.5 1,010.5 —
5 0 — — —_ —
5 0 — — — —
Endrin.......ccooovviiniiiicinencscceeeene 10 0 — — — —
HCH, total ......... 10 0 — — — —
HCH, alpha 10 0 — — — —
HCH, beta....... 10 0 — — — —
HCH, delta........ccoeevvveeneireesrcreeennnne 10 0 — — — —
HCH, gamma (Lindane).......c............ 10 0 — — — —
Heptachlor 10 0 — — — —
Heptachlor epoxide .........ccooveeevrccnncnnee 10 0 —_ — — -
Hexachlorobenzene ............cccocvveicvennnnnn. 10 0 — — — —
Methoxychlor 10 0 — — —_ —_
Parathion, ethyl........c.cccovincirnccnrncnnes 10 0 — — — —
Parathion, methyl .......cccocevirieverinineennne 10 0 — — — —
PCBs, total 10 0 — — — —
PCB-1248 10 0 — — — —
PCB-1254 ... 10 0 — —_ — -
PCB-1260... 10 0 — — —_ —
Toxaphene ...........ccccceervrrenenn. 6 4 82,105.3 12,4224 32,094.2 33,558.2

lSampls:s in which an element was not detected should not be assumed to have a low concentration, because detection limits varied among studies.

2Chemical group A is defined by National Academy of Sciences and National Academy of Engineering (1973) as the sum of aldrin, total chlordane,
dieldrin, total endosulfan, total HCH, heptachlor, heptachlor epoxide, and toxaphene.

3Meirex has not been detected in California. Elevated data levels have not been established.
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Table 15. Number of times organic chemicals exceeded evaluation criteria in tissues of various species of fish, in wet weight or
lipid weight, through 1990

[The number of times chemicals exceeded evaluation criteria should not be compared among different chemicals or tissues because of differences in sampling
intensity. See tables 11 and 12 for criteria. na, criteria not established. Evaluation criteria—NAS, recommended guidelines for toxic chemicals in whole fish
(National Academy of Sciences and National Academy of Engineering, 1973). FDA, action levels for toxic chemicals in edible portions of fish (U.S. Food
and Drug Administration, 1985). EDL 85 and EDL 95, elevated data level for 85th and 95th percentiles are based on data collected by Toxic Substances Mon-
itoring Program (TSMP) between 1987 and 1990 (Rasmussen, 1992) and are recalculated annually. Chemical—DDT, dichlorodiphenyltrichloroethane; HCH,
hexachlorocyclohexane; PCBs, polychlorinated biphenyls]

Evaluation criteria [Wet or lipid weight (nanogram per gram)]

Chemical Measure
NAS FDA EDL 85 EDL 95
Chemical group Al.........ccccooor. Wet weight ..o, 46 na na na
Lipid weight..........ccceoeeninn. na na 15 7
Chlordane, total..........ccceceenenennee Wet weight....c.coeevveerinneee, 7 2 na na
Lipid weight.......ccoonieenenns na na 5 2
Dachthal........ccoconivireincrcnenns Wet weight ........ccovecrenrernennn, na na 1 0
Lipid weight........ccceuenrnnn, na na 1 0
DDT, tOtal .c.coereermereccearenene Wet Weight ......ceveeivennecnnne 20 1 na na
Lipid weight...........cccceueennn.... na na 9 1
Dieldrin ......coceereeerecrerenieeerenenna Lipid weight.......coccovvveeen. na na B 0
Endosulfan, total .........cccooevenen. Wet weight ......coeeevivvnennene. 3 na na na
HCH, total ........oceveveeecicrecnne Lipid weight.......ccoecerecernnnene. na na 3 0
Heptachlor epoxide............c........ Lipid weight..........cccoovrnenne. na na 0 2
Hexachlorobenzene..................... Wet weight ....oceeeccennrirennene na na 14 1
Lipid weight......cccocvverneennne. na na 9 0
PCBS, t0tal .....courverereereeeenreennns Lipid weight.......coceererurerenenns na na 1 0
Toxaphene ..........cocvvivvuevenreeeennns Wet WEight ...covvuievieriircicanns 46 na na na
Lipid weight............cccuou...... na na 20 7

1Chemical group A is defined by National Academy of Sciences and National Academy of Engineering (1973) as the sum of aldrin, total chlordane,
dieldrin, total endosulfan, total HCH, heptachlor, heptachlor epoxide, and toxaphene.

drainwater, diluted agricultural drainwater (diluted to
50, 25, and 12.5 percent of the original concentration),
reconstituted drainwater, and diluted seawater. The
reconstituted drainwater and diluted seawater were
adjusted to the same conductivity as undiluted agri-
cultural drainwater. The reconstituted drainwater also
was adjusted to the ion content of undiluted drainwater.
The mean of dissolved salt concentration ranged from
14.3 to 20.5 g/L in the undiluted waters. Additionally,
chinook salmon were tested in reconstituted San
Joaquin River water and natural Merced River water;
striped bass were tested in reconstituted Sacramento—
San Joaquin Delta water, and water from the Central
Valley Fish Hatchery (located outside the study unit, in
Elk Grove, California). The undiluted and reconsti-
tuted agricultural drainwater and reconstituted San

Joaquin River water were dominated by sodium
sulfate. Sodium chloride dominated the reconstituted
Sacramento—San Joaquin Delta water and diluted
seawater. The agricultural drainwater also contained
high concentrations of trace elements, particularly
boron and selenium.

More than 75 percent of the chinook salmon and
all of the striped bass died in the undiluted agricultural
drainwater tests. Ninety-five percent of the striped bass
died in the reconstituted drainwater tests. Growth of
chinook salmon (length or weight) was reduced in
undiluted, 50-percent, and reconstituted drainwater
compared with the control fish raised in the reconsti-
tuted and natural river waters. Growth of striped bass
was reduced in undiluted drainwater. In contrast, all
fish survived and grew well in the other waters and

48 Aquatic Biology of the San Joaquin-Tulare Basins, California: Analysis of Available Data Through 1992



dilutions. Fish in undiluted drainwater accumulated
selenium and boron, but not in concentrations usually
considered toxic. Saiki, Jennings, and Wiedmeyer
(1992) attributed the toxic effects to high concentra-
tions of ions in atypical ratios (compared with sea-
water), high concentrations of sulfate, or both.

Atmospheric Acid Deposition

In areas above the valley floor, especially in the
Sierra Nevada, changes in water quality have been
minimal. The changes that have taken place are related
primarily to forestry and grazing activities, although
mining affects a few areas. Both logging and grazing
can result in leaching of nutrients from the soil and
increased sediment loads. Mining can contribute dis-
solved solids, trace elements, and sediments to streams,
but the present known pollution sources are small and
(or) localized, except for mercury (Rasmussen and
Blethrow, 1990). Thus, contamination of Sierra
Nevada waters and the effects of contamination on
biota have not been a source of concern for regulatory
agencies. The one exception to this generality is the
concern about atmospheric deposition in the form of
acid rain and snow at high altitudes in the Sierra
Nevada.

The California Air Resources Board has funded
a number of studies in high-altitude lakes and streams
of the Kaweah River drainage (fig. 4B) (California Air
Resources Board, 1991). These studies have demon-
strated that the weak acid-neutralizing capacity of the
poorly buffered waters of these lakes and streams can
be completely depleted during pulse snowmelt and pre-
cipitation; however, the acidification is short term, and
long-term biological effects are not apparent. Experi-
mental studies indicated potential problems for some
invertebrates and diatoms if acidification becomes
more chronic (Melack and others, 1987, 1989; Cooper
and others, 1988). Based on studies of other areas, fish
and amphibians also are at risk; however, the Kaweah
River work did not include experiments on these taxa.

Microorganisms in Surface Water

Monitoring for both fecal-coliform and fecal-
streptococci bacteria is a regular part of the NASQAN
Program of USGS. The San Joaquin River near Verna-
lis station had the highest mean and median densities of
these bacteria (table 16), followed by the Mokelumne

River at Woodbridge; the Kern River near Kernville;
the Kings River below North Fork (near Trimmer); and
the Merced River at Happy Isles Bridge, near Yosemite
(fig. 4A,B). The data indicate that bacteria densities
generally are higher at lower altitudes, with the excep-
tion of the Kernville station on the Kern River. The
relatively high densities of bacteria near Kernville
compared with the other sites probably result from
differences in land use. The upper Kings River, in the
Kings Canyon National Park and the Sierra National
Forest (fig. 4B), is fairly inaccessible, but the Kern
River is heavily used for recreation upstream of the
station. The station near Kernville is downstream from
a number of private and Forest Service campgrounds
and most of the town of Kernville. There does not seem
to be a strong seasonal pattern.

Bacteria density also was low in the upper
Kaweah River drainage. Densities of coliform bacteria
generally were less than 200 c0l/100 mL in the Mine-
ral King area of the East Fork Kaweah River in 1967-
68 with higher densities recorded downstream, parti-
cularly at the Squirrel Creek near Oakgrove, possibly
reflecting recreational homesite development in the
area (Federal Water Pollution Control Administration,
1969).

The California Regional Water Quality Control
Board (1991) has identified a water-quality objective
for bacterial concentrations not to exceed a geometric
mean of 200 col/100 mL (fecal coliform), based on a
minimum of five samples taken during any 30-day
period. The data in table 16 do not meet the require-
ments for frequency of sampling (most sampling was
monthly or quarterly) but suggest that the San Joaquin
at Vernalis station may sometimes exceed this objec-
tive. The median value for this station was 270 col/100
mL. Therefore, more than 50 percent of the samples .
collected between 1977 and 1991 had more than 270
col/100 mL, which is above the objective geometric
mean of 200 col/100 mL.

The parasitic protozoa, Giardia, can cause
severe illness in humans (giardiasis). Giardia cysts
have been collected throughout the Sierra Nevada,
even in areas considered to be pristine (Sorenson and
others, 1986a; Suk and others, 1986). Of 28 sites sam-
pled in the upper Tuolumne River drainage, Giardia
cysts were collected from all 7 sites in areas with a high
probability of human fecal contamination in surface
water (Suk and others, 1986). Cysts were collected
from two of four sites sampled in the Kaweah River
drainage, both high probability areas. Of 10 sites sam-
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Table 16. Densities of fecal coliform and fecal streptococci bacteria at five stations in the San Joaquin-Tulare Basins study unit
[Sampling was monthly or quarterly. Densities are in colonies per 100 milliliters. <, less than]

San Joaquin Mokelumne Kinbg;:viver Kern River M:r:ed F::;;a‘
Variable River near River at North Fork near B _zpy
Vernalis Woodbridge orth rork, Kernville ricge, near
near Trimmer Yosemite
Period of record........coovevnninvinnnninnereeeeneseeens 1977-91 1977-91 1978-91 1978-91 1977-91
Altitude, in feet above sea level............coeeeuennn.e. 0 15 942 2,622 4,017
Fecal coliform bacteria

Sample size................... 112 96 94 91 87
Minimum.............c.... 14 0 <1 <1 <1
Maximum.........oceeevenne 8,700 3,300 1,300 9,000 51

Mean......coocvniircenertere e 697 173 30 125 4

75th percentile 670 110 12 15 4
Median................ 270 55 4 7

25th percentile 123 27 2 2 <1

Fecal streptococci bacteria............ccoceveveereeenennnee.

Sample SIZe......cceeuierrireeriereeeece e 109 96 96 95 85
Minimum 29 7 1 1 <1
Maximum 6,400 11,000 2,100 10,000 110

MEaAN.....ocecirirrrcrrreee et eves et 494 383 50 142 7

75th percentile..........cocevcernicrnirnreninenrineseeenne 435 237 22 34 7
Median ........covereereriiecrerieneirnsies s 170 83 5 15

25th percentile .........ccoveeceerinecrreeceirierieeeerenas 98 30 2 6 1

pled in the upper Kern River drainage, cysts were col-  Bioassays

lected from 5. Four of these sites were considered to
have a high probability of contamination, and one was
considered to have a low probability of contamination.
No Giardia cysts were collected from the five sites in
the upper Merced River basin. Seasonal sampling at
five sites in the Glen Alpine Creek drainage (east of the
study unit), which empties into Lake Tahoe (fig. 1),
indicated that Giardia cysts were present in the stream
for much of the year (Sorenson and others, 1986a). At
least one positive sample was taken at the Glen Alpine
Creek site each month from April through October,
except for May. Surface-water contamination by Giar-
dia may be even more widespread than the available
data indicate because the method used in these studies
has a Giardia recoverability rate of only from 10 to 30
percent (Sorenson and others, 1986b).

Sources of the Giardia cysts are unknown. The
higher incidence of cysts in areas used extensively by
humans is presumably linked to human-related activi-
ties. However, it is not clear if humans are a direct
source of Giardia cysts to water or if wild or domesti-
cated animals also are sources of cysts.

Foe and Connor (1991) used bioassays to test the
toxicity of waters from various sites on the lower San
Joaquin River and associated tributary streams and
drains. The purpose of the study was to assess changes
in water quality of the San Joaquin River drainage
throughout the hydrologic cycle. The three-species bio-
assay procedures of the U.S. Environmental Protection
Agency were used in a study done between February
1988 and June 1990. This study included larval fathead
minnows, a cladoceran (Ceriodphnia dubia), and a
green alga (Selenastrum capricornutus). The fathead
minnow bioassay used larvae less than 48 hours old;
each test lasted 7 days. A test consisted of 3 replicates
of 10 larvae, and the measures of toxicity were survival
and growth. The cladoceran test used individuals less
than 24 hours old and continued until at least 60 percent
of the survivors in the control treatment had three
broods. The measures of toxicity were survival and
number of young produced. Each test had 10 replicates
of 1 individual. The green alga bioassay lasted 4 days.
Each test had four replicates of 100 mL of filtered test
water, which was inoculated with 1 x 10# cells/mL. The
measure of toxicity was increase in biomass, as meas-
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ured by chlorophyll-a extraction. Water used for the
bioassays was collected from the Bear, the Los Banos,
and the Orestimba Creeks, the Merced, the Tuolumne,
and the Stanislaus Rivers, the Salt Slough, the TID 5,
and the San Joaquin River including sites at the
Mendota Pool, Vernalis, and the New Jerusalem Drain
(figs. 4A and 5).

Toxicity was determined by comparing bioassay
results obtained from two reference waters with those
from the other waters tested in the study. One refer-
ence water was a control prepared in the laboratory.
The Mendota Pool was chosen as the source of the
other reference water because it is the most upstream
source of the lower San Joaquin River. The San
Joaquin River rarely flows above the Mendota Pool
because of upstream diversions. The Mendota Pool
water comes from the Sacramento—San Joaquin Delta
through the Delta~Mendota Canal.

Using fathead minnows, 253 tests of survival
and 252 tests of growth were done. The samples from
the San Joaquin, the Merced, the Tuolumne, and the
Stanislaus Rivers showed little evidence of toxicity. Of
the remaining 96 samples, 16 were toxic, including 9 of
the 16 samples collected from the TID 5. The primary
cause of toxicity in the TID 5 appeared to be un-ionized
ammonia that was drained to surface water by dairies
and municipal wastewater-treatment plants. Concen-
trations of the pesticides carbaryl and chlorpyrifos
were high in several samples and were attributed to
possible pesticide dumping. Various other pesticides
were detected in a number of samples.

Cladoceran invertebrate bioassays showed toxic-
ity in 24 percent of the 204 samples collected. Toxicity
was detected at five or more sites in samples collected
during February, March, August, and September 1988
and February 1990. Toxicity, attributed to pesticides,
was consistently high at three of the San Joaquin River
sites located between the confluences with the Merced
and the Stanislaus Rivers. One or more organophos-
phate or carbamate pesticides were present in each of
the toxic water samples.

Data from the green alga bioassays were less
useful because of lack of growth in a few cultures and
high variability in growth rates among replicates in a
number of other tests. The main result was increased
growth compared with the Mendota Pool samples in 71
of 159 samples from the San Joaquin, the Merced, the
Tuolumne, and the Stanislaus Rivers and in 45 of 96
samples from other sites. The relatively poor growth of
the alga in the Mendota Pool water compared with the

other waters tested was attributed to one or more uni-
dentified chemicals.

Bioassays are useful in determining toxicity, and
if chemical data are available, they indicate substances
that may be responsible. The shortcoming is that the
actual substance and the mechanism causing toxicity
can be difficult to determine (Elder, 1989), a fact
acknowledged by researchers who use bioassays (Foe
and Connor, 1991).

Biological Indicators

Little work has been done in California on bio-
indicators, such as indicator species or biotic indexes.
Moyle and others (1986) developed and tested sepa-
rate Indexes of Biotic Integrity (IBI) for several areas
of California, including the Sacramento and the San
Joaquin River drainages (figs. 1 and 4A). The basic idea
behind an IBI is that the condition of the fish com-
munity, as measured by a number of characteristics
such as species richness, can be used to assess water
and habitat quality in a stream. The main premise of the
Sacramento—San Joaquin IBI is that introduced species
of fish are associated with altered streams. This rela-
tionship has been observed for a number of California
streams (Moyle and Nichols, 1973; Moyle and others,
1982; Leidy, 1984; Brown and Moyle, 1987). How-
ever, native fish species are able to survive in degraded
streams unless nonnative species are present. Thus, the
IBI rating was linked to invasion of the habitat by intro-
duced species, as well as habitat and water quality.
Also, because of the limited number of native fish spe-
cies (from about three to five species, depending on
altitude), the IBI metrics (variables) were highly inter-
correlated, and were largely dependent on the percent-
age of native fish species in the sample. Although the
IBI was responsive to major changes in habitat quality,
it did not seem to be sensitive enough to detect small
changes at the beginning of a decline in habitat or water
quality. Thus, it may not be useful for monitoring pro-
grams intended to detect early signs of water and habi-
tat degradation.

Abell (1979) analyzed the distribution of may-
flies, Baetis sp., to determine if these taxa would be
useful bioindicators. He tentatively identified at least
two species in samples from the Kaweah River (B. lee-
chi and B. bicaudatus), but he observed a high degree
of overlap in habitat and altitudinal zonation and felt
the generic level would be sufficient. Baetis were
present from the inlet of the Kaweah Reservoir, at an
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altitude of 755 ft above sea level, to near the tree line at
10,827 ft. Using data collected during the winter, Abell
(1977) described the abundance of Baetis as increasing
from small streams (stream order one), through larger
streams (stream orders two and three), and reaching a
maximum in the broad, exposed mainstem of the
Kaweah River (stream order four). Divergence from
this general pattern indicated that Baetis are a pioneer-
type species and reach greatest abundance in areas of
disturbance. In particular, Baetis were abundant in
areas when there was a change in food source from
altocthonous (outside the stream) to autochthonous
(within the stream), in areas with habitat changes
related to movement of masses of unproductive bottom
material (sand), in areas disturbed by high flows, in
intermittent streams after flow is restored, and in areas
of springfed streams where ground water equilibrates
with surface conditions. Though the preliminary data
indicated that Baetis abundance might be useful as an
indicator of disturbance, the idea was never developed
into an index.

Cooper and others (1988) tested common high
altitude Sierra Nevada invertebrates and algae to deter-
mine their acid sensitivity. The Marble Fork Kaweah
River was the water source for 12 small, artificial
stream channels placed alongside the natural stream.
Before each experiment, natural colonization was
allowed through drift and artificial stocking from the
river. An experimental treatment consisted of an 8-hour
pulse of three levels of acid resulting in pH of 6.5 (con-
trol, no acid), 5.2, and 4.6. Four of the artificial streams
were tested at each pH. Benthic densities and drift rates
of macroinvertebrates were measured. Algae were
sampled on ceramic tiles (0.4 x 0.4 in.) that had been
incubated in the Marble Fork Kaweah River for 3
weeks. Algae from the tiles were identified and counted
after an additional 2 weeks of incubation in the artifi-
cial streams (immediately before the acid pulse), at the
end of the 8-hour acid pulse, 16 hours after the end of
the acid pulse, and 1 week after the end of the acid
pulse.

Acidification resulted in increased drift rates for
several taxa (Cooper and others, 1988). Baetis was the
most sensitive, with drift rates from 11 to 26 times
higher than controls during the first 4-hour period of
acidification and from 4 to 7 times higher during the
tast 4-hour period. Prior to acidification, about 20 per-
cent of the drifting Baetis were dead. Acidification
resulted in statistically higher percentages of dead indi-
viduals in the drift from pH 4.6 channels with values of
80, 82, and 58 percent for the three sets of completed

experiments. For the pH 4.6 and pH 5.2 channels, about
70 percent of the mortality was attributed to decreased
pH and the remainder to background mortality as mea-
sured in the control channels. Drift rates of ephemerop-
terans Epeorus and Paraleptophlebia also increased in
response to acidification pH 4.6. Increased drift of dead
Epeorus was noted, with a maximum of 90 percent in
some channels. About 45 percent of drift in the ele-
vated pH channels was attributed to acid. Chironomid
drift rates and the percentage of dead individuals
increased in response to acidification in only one of
three experiments. The increase in drift rates was due
to the drift of dead individuals. The emigration rate of
living chironomids was constant during the experi-
ment. Occasionally, drift of rarer taxa, including the
mites (Hydracarina), the stonefly Zapada, and the cad-
disfly Amiocentrus, increased at lower pH.

Benthic densities for several taxa also changed in
response to lower pH. Declines of Baetis densities were
statistically significant in two of three experiments. In
the third experiment, the pattern indicated decline, but
the differences were not statistically significant. The
densities of Paraleptophlebia also were depressed by
acid, but indicated no statistical differences.

During the study, 144 tiles were sampled at each
pH level and about 55 diatom taxa were collected. An
average of 13 taxa were collected on 50 percent or
more of the 36 tiles sampled at each pH level during
each of the four sampling intervals. About one-half of
these individuals were alive at the time of collection.
Only one individual was identified for each of 20 taxa
at pH 6.2, only one for each of 22 taxa at pH 5.2, and
only one for each of 25 taxa at pH 4.6. Zygnema, a
green alga, was the only nondiatom collected. Achnan-
thes minutissima was the dominant taxon on the tiles,
with mean abundance ranging from 15,000 to 28,000
per tile (Cooper and others, 1988).

The results of the algae experiment were vari-
able. Total numbers of diatoms were lower in acidic
channels than in control channels after acidification;
there were both long-term (1 week) and short-term
changes in species composition. Achnanthes minutis-
sima, Taxon 99396-SN (either Cymbella falaisencis or
Gomphonema), and Fragilaria vaucheriae were signif-
icantly less abundant, relative to controls, in at least
one acid treatment. Gomphonema subclavatum and
Achnanthes levanderi had similar responses, but the
differences were not statistically significant due to
targe variances. Eutonia tenella were more abundant in
pH 5.2 pulse treatments after acid addition than in the
control channels. Changes in the abundance of taxa
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during the experimental time period were mediated by
changes in migration or by differential growth. There
was little indication of differential survivorship among
treatments because the ratio of live to dead cells
showed no trends among treatments.

SUMMARY

Available information on the biology of fish,
benthic macroinvertebrates, benthic algae, and con-
centrations of trace elements and organic pesticides in
aquatic biota was reviewed to provide a conceptual
overview of these issues in the San Joaquin-Tulare
Basins study unit of the National Water Quality Assess-
ment (NAWQA) Program. This conceptual overview
will guide the studies of biological communities and
occurrence of pesticides and trace elements in biota
that are an integral part of the multidisciplinary
approach of NAWQA.

The original fish fauna of the San Joaquin-
Tulare Basins study unit included 21 species of fish, of
which 14 species and 1 subspecies are endemic to Cal-
ifornia. Native species declined in numbers beginning
in the mid-1800's as the result of habitat loss, the intro-
duction of exotic species, and changes in land and
water use. Construction of reservoirs and diversion
dams was especially harmful because the altered phys-
ical conditions downstream from dams favored intro-
duced species. The streams of the San Joaquin Valley
floor now are dominated by introduced species, and
native species are rare, extirpated, or extinct.

Historical information on native benthic macro-
invertebrates and benthic algae in the study unit was
limited, but these taxa also likely have declined in dis-
tribution and abundance. In addition to physical
changes associated with water development, the intro-
duction of fish into high-altitude lakes and streams that
were naturally without fish and the introduction of
exotic invertebrates likely have affected the native taxa
through predation and competition.

The ecology of fishes is affected significantly by
altitude, stream gradient, stream order (size), and cor-
related physical and chemical aspects of their aquatic
environment. Responses of individual species to these
physical factors result in patterns of species cooccur-
rence that can be described as fish assemblages. The
rainbow trout assemblage, found at altitudes >1,500 ft
above sea level, is associated with perennial, swift
moving waters, steep gradients, abundant riffles, cold
water temperatures, and high dissolved-oxygen con-

centrations. The dominant species is rainbow trout. The
squawfish-sucker-hardhead assemblage is restricted to
altitudes ranging from about 100 to 1,500 ft in streams
characterized by deep, rocky pools, shallow riffles,
perennial flow, and water temperatures that usually
exceed 20°C. Sacramento squawfish and Sacramento
suckers dominate this assemblage; hardhead are abun-
dant in some streams. Introduced species may be
present with both the rainbow trout and squawfish-
sucker-hardhead assemblages and are displacing native
species in some areas.

The California roach assemblage is found in
small intermittent streams in the Coast Ranges and trib-
utaries to larger systems in the Sierra Nevada. These
streams are intermittent during the summer, and water
temperatures may exceed 30°C in isolated pools.
Young Sacramento squawfish, Sacramento suckers,
and hardhead are sometimes present. Introduced green
sunfish and mosquitofish are replacing the California
roach assemblage in some areas.

The native deep-bodied fishes assemblages
included Sacramento perch, thicktail chub, Sacra-
mento hitch, Sacramento tule perch, Sacramento black-
fish, and Sacramento splittail. These have been almost
completely replaced by introduced species that are bet-
ter adapted to the drastically altered habitat.

Benthic macroinvertebrates and benthic algae
have not been studied to the same extent as fishes. The
macroinvertebrate studies indicate that the River Con-
tinuum Concept is valid in the study unit. Several mac-
roinvertebrate studies indicate that intermittent streams
support different species than do perennial streams.
Data on benthic algae are so limited that generaliza-
tions are not possible, but phytoplankton data indicate
increasing species richness with decreasing altitude.

On the west side of the San Joaquin Valley, the
irrigation of soils rich in salts and trace elements has
resulted in agricultural return flow and drainwater con-
taining high concentrations of these materials. Dis-
charge of this water to surface-water sources used by
fish, wildlife, and humans is of concern to water man-
agers. There is much available data on trace elements
in biota in the study unit. Samples of fish or Corbicula
have been analyzed for each of 21 trace elements.
Nineteen elements were detected. Arsenic, boron,
molybdenum, and selenium are of primary concern in
the study unit. Ten trace elements have exceeded the
criteria used in California to assess concentrations in
tissues.

At least 350 different pesticides were applied in
the eight counties of the study unit during 1988. Con-
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sequently, there is concern about possible pesticide
effects on fish, wildlife, and human health. Pesticides
in biota have been studied less than trace elements, but
data are available. A total of 35 chemicals have been
detected in tissues of fish, Corbicula, or lipids. Most
chemicals were present only in low concentrations.
However, total chlordane, total DDT, hexachloroben-
zene, toxaphene, and chemical group A (defined as the
sum of aldrin, total chlordane, dieldrin, total endosul-
fan, total HCH, heptachlor, heptachlor epoxide, and
toxaphene) exceeded a variety of criteria used in Cali-
fornia.

Limited data are available on the biological
effects of dissolved solids, the effects of atmospheric
acid deposition on biota, the distribution and abun-
dance of microorganisms in surface water, and the use
of bioassays and biological indicators in the study unit.
High concentrations of dissolved solids in agricultural
drainwater have been shown through bioassays to
cause mortality and limited growth of chinook salmon
and striped bass. Atmospheric acid deposition is not
considered a threat to biota at this time, but experi-
ments indicated that some macroinvertebrates and
benthic algae are sensitive to changes in acidity and
may serve as bioindicators. U.S. Geological Survey
data indicate a general pattern of increased densities of
fecal indicator bacteria at lower altitudes. The patho-
genic protozoan, Giardia, is widespread in the study
unit. Bioassays have been useful in determining
surface-water toxicity, but cannot identify the specific
chemical or group of chemicals causing the toxicity.
An Index of Biotic Integrity has been developed, but in
its present form, its usefulness may be limited in the
San Joaquin—Tulare Basins study unit.
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Table 17. Benthic macroinvertebrates reported from waters of the San Joaquin-Tulare Basins study unit

[do and Do., ditto. Number of species believed to be present is given in parentheses (+, indicates that more than indicated number of species were believed
present). IS, introduced species. =, Alternative taxonomic designation. Some taxonomic designations have been updated according to Merritt and Cummins
(1984) or Pennak (1989). *, Subdivided genera; ?, tentative identification; 1, Drainage is not given; only adult insects that potentially could cross drainage
boundaries were collected; +, estimated number of species present; Literature cited by Burdick and Gill, 1992, is written communication from Don Burdick and
Richard Gill, California State University, Fresno, 1992]

Taxa Drainage or location Literature cited
Coelenterata:
Hydrozoa:
Hydroida:
Hydridae:
Hydra sp. .....coeveeeeevveeenennn. Kings River.......ccccevuvurunne Burdick (1974).
Platyhelminthes:
Turbellaria ....c.occovveeverineceieceiienes e (4 [ PR Kings River Conservation District (1987).
Tricladia:
Planariidae..........cocovvevreeveenennns Kaweah River .................... Federal Water Pollution Control Administration (1969); Abell (1977).
Kings River.......ccococevevenne Burdick (1974); Abell (1978).
Phagocata.............oeeceeennn. Cosumnes River................. Bottorff and Knight (1988).
Polycelis Sp......coouveeveercvene aeueas (4 s JNOTUUURON Do.
Nematoda.....cceevrvveeeeererriereneeceeeerenns Kaweah River ........c.cceeuee.e. Cooper and others (1988); Melack and others (1989).
Kings River.........cccccvvrnenne Burdick (1974); Kings River Conservation District (1987).
Nematomorpha:
Gerdioidae:
Gerdiidae:
Gordius Sp.....coeevveeevevernennne. Kaweah River.................... Abell (1977).
Annelida........cccoooeeeeeereeveereeecceceeees e (410 J ORISR Federal Water Pollution Control Administration (1969).
Oligochaeta:
L2 TR USROS (4 1 USRS Abell (1977).
(1) ettt et sreeanenne aeeees 147 JOUUTUP Cooper and others (1988); Melack and others (1989).
Cosumnes River................. Bottorff and Knight (1988).
Kings River........ccceveenenne Burdick (1974); Kings River Conservation District (1987).
Haplotaxida:
Enchytraeidae ..........cccoccvvrereens Kaweah River................... Federal Water Pollution Control Administration (1969).
Kings River Abell (1978).
Lumbricidae.......ccoveverveirervenrnenns Kaweah River ........cccoeneen Federal Water Pollution Control Administration (1969).
Kings River........ccccceovunnnne Burdick (1974).
Mollusca:
Gastropoda...........cooeveeeniicicreienenenns Kings River........cccoconviinnnns Do.
Upper San Joaquin River... Needham and Hanson (1935).
Valvatidae:
Valvata humeralis ................ Sierra Nevada and Coast ~ Taylor (1981).
Ranges.
Viviparidae:
Bellamya japonica (IS)........ Irrigation ditch near Han- Do.
ford Kings County.
Hydrobiidae:
Fontelicella californiensis ... Southern Sierra Nevada..... Do.
Fontelicella stearnsiana....... Sierra Nevada foothills...... Do.
Lymnaeidae:
Bakerilymnaea bulimoides .. Sierra Nevada ...........c........ Do.
Fossaria cooperi.................. Sierra Nevada foothills and Do.
Coast Ranges.
Fossaria modicella.............. Widespread ..........ccccoeenenne Do.
Pseudosuccinea columella  ...... O e Do.
as).
Planorbidae:
Gyraulus parvus .................. ... O Do.
Planorbella tenvis............... ... [0 o SRR Do.
Micromenetus dilatatus ....... Sierra Nevada foothills and Do.
Coast Ranges.
Ancylidae:
Ferrissia rivularis................ Sierra Nevada .......c...cooneee. Do.
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Table 17. Benthic macroinvertebrates reported from waters of the San Joaquin-Tulare Basins study unit—Continued

Taxa Drainage or location Literature cited
Mollusca—Continued:
Limnophila:
Physidae:
Physa gyrina...............c...... Sierra Nevada and Coast  Taylor (1981).
Ranges.
Physa gyrinus ............cccun... Kaweah River.................. Abell (1977).
Physa virgata ... Widespread..... . ... Taylor (1981).
Pelecypoda (=bivalvia)...........cceueu.ne... Kings River...........ccoeeeenne. Burdick (1974); Kings River Conservation District (1987).
Upper San Joaquin River. Needham and Hanson (1935).
Sphaeridae:
Sphaerium sp. .......c.ccorvrenea.. Kaweah River.................. Abell (1977).
Sphaerium striatinum ........... Lower San Joaquin........... Taylor (1981).
Musculium raymondi............ Sierra Nevada streams...... Do.
Musculium truncatum Widespread .........ccoccrvencne Do.
Pisidium sp. .....cocovvvvveevccnnannn. Kaweah River.................. Melack and others (1989).
Cosumnes River ... ... Bottorff and Knight (1988).
Pisidium casertanum............ Widespread..........c.cceue. Taylor (1981).
Pisidium ventricosum........... Sierra Nevada streams...... Do.
Pisidium insigne.................... Widespread........ccoocveueen Do.
Corbiculidae:
Corbicula fluminea (IS)........ Valley floor .....cc.cccvvveeneene Leland and Scudder (1990); Rasmussen and Blethrow (1990).
Unionidae ......ccceevvevveerecreerenvnnnnns [Mollusks of the (Taylor, 1981).
Unionidae are believed to
have been extirpated
from most streams].
Anodonta californiensis ....... Formerly widespread....... Do.
Anodonta wahlamatensis ..... ... dO e Do.
Gonidea angulazta................. ... O Do.
Margaritiferidae:
Margaritifera faleata............. Widespread...........cccouecuee Do.
Tardigrada ......cccoceeeerrcivenieiicesinncnrecaenas Kings River.......cccccccoevnune Burdick (1974).
Arthropoda:
Arachnoidae ........cccocoeveeeecveennnne.

Hydracarina (=Acari) Kaweah River.................. Abell (1977); Cooper and others (1988); Melack and others (1989).

Cosumnes River ... ....  Bottorff and Knight (1988).
Kings River........ccccoeuc.... Kings River Conservation District (1987).
(5)eetirecerennciie et ecaeres e {4 (o Burdick (1974).
Algophagopsis sp. .... Do.
Hydronothrus sp. ...... Do.
Sperchonidae:
Spechon sp.........cccuvvevcevees aune (6 [« J OO Do.
Trimalaconothrus sp............. Kaweah River.................. Melack and others (1989).
Kings River.......c..ccoueueee Burdick (1974).
Oribatei:
Eremaeidae:
Hydrozetes sp. .........cuucnn.. Do.
Hydrozetes terrestris ............ Melack and others (1989).
Nanhermannia nana.... Do.
Halacaridae ........ccccccoevnenrecnearennnn. Burdick (1974).
Crustacea:
CladoCera.....cococvuimeinenenireesienicesinies veves dO s Do.
Copepoda......c.cvvicniencneceereies e do...... Do.
Ostracoda Kaweah River........cc....... Abell (1977).
Kings River.........ccccceceueee Burdick (1974).
Tulare Basin ponds........... Parker and Knight (1989).
Isopoda:
Asellidae:
Caecidotea sp. (Asellus)....... Kings River..........cccoceeeen. Burdick (1974).
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Table 17. Benthic macroinvertebrates reported from waters of the San Joaquin—-Tulare Basins study unit—Continued

Taxa Drainage or location Literature cited
Arthropoda—Continued:
Crustacea—Continued:
Amphipoda.........ccocvviviiiiiiinninennns Kaweah River Abell (1977).
Kings River.........cccoeuu.e. Burdick (1974).
Talitridae:
Hyallela azteca Melack and others (1989).
Decapoda........covevecieienanne Burdick (1974).
AStacidae ..........ccveiveeeneeie s Abell (1978).
Cambaridae:
Pascifasticus leniusculus (IS) Rasmussen and Blethrow (1990); Riegel (1959).
Procambarus clarki (1S)...... Do.
Orconectes virilis (IS).......... Riegel (1959).
Insecta:
Collembola.........covceeererieenriiieeeneins Kaweah River.................. Cooper and others (1988); Melack and others (1989).
Kings River......cceeveinee Burdick (1974); Kings River Conservation District (1987).
Ephemeroptera.........covieevemnnirernneenes Upper San Joaquin River. Needham and Hanson (1935).
Siphlonuridae:
Ameletus Sp. ........ccoeveueennen. Kaweah River .................. Federal Water Pollution Control Administration (1969).
(2)eieeeeeirereeneserr e ces eend (4 10 OO Abell (1977); Melack and others (1987); Cooper and others (1988);
Melack and others (1989).
Kings River........cccoeveveuene Abell (1978); Kings River Conservation District (1987).
Baetidae:
Baetis Sp.....cccovvuecnniieennnnns Kaweah River .................. Federal Water Pollution Control Administration (1969); Abell
1977).
(2)eieeeeieceeereeeeeeene e e (6 (o OO Cooper and others (1988); Melack and others (1989).
Kings River........cccoeceeunnne Abell (1978); Kings River Conservation District (1987).
(BLOB) e e (41 ORIt Burdick (1974).
Baetis bicaudatus................. Kaweah River........ Melack and others (1989).
Cosumnes River............... Bottorff and Knight (1988).
Baetis tricaudatus................ Kaweah River .................. Melack and others (1989).
Cosumnes River............... Bottorff and Knight (1988).
Callibaetis Sp. ......ccovevverenne. Tulare Basin ponds .......... Parker and Knight (1989).
Callibaetis motanus ............. Kesterson Reservoir......... Lawrence Berkeley Laboratory (1987).
Pseudocloeon sp. ................. Kings River.......cccooeeennenn. Burdick (1974).
Oligoneuriidae:
Isonychia velma.................... Kaweah River .................. Abell (1977).
Heptageniidae ..........cocvvveeverernnnne. Kings River Burdick (1974).
Cinygma sp. ....ccccveeveveneeneenn. Kaweah River.................. Abell (1977); Cooper and others (1988); Melack and others (1989).
Kings River.........cccoooueuiee. Abell (1978).
Cinygmula Sp. ....covevvevvvenene Kaweah River.......cecoenee Federal Water Pollution Control Administration (1969); Cooper and
others (1988); Melack and others (1989).
Kings River.......c.cccoceenueee. Abell (1978); Kings River Conservation District (1987).
EDeorus Sp. ....ooveeveerenneennne Kaweah River .... Cooper and others (1988).
Kings River........cccocuvnnene Kings River Conservation District (1987).
Epeorus (Iron) sp. .......cceunnee Kaweah River .................. Federal Water Pollution Control Administration (1969).
Cosumnes River............... Bottorff and Knight (1988).
Kings River.........cccoeveenee Abell (1978).
Epeorus (Iron) longimanus . Kaweah River .................. Abell (1977).
Epeorus (Iron) sancta- ... (4 70 OOt Do.
gabriel or dulciana.
Epeorus (Ironopsis) sp......... ... (4 0 O ROUROOURRN Federal Water Pollution Control Administration (1969).
Kings River Abell (1978).
Epeorus (Ironopsis) grandis Kaweah River.................. Abell (1977).
Epeorus grandis............uueee. .. dO e Melack and others (1989).
Heptagenia sp. ......oevvvvveee e, [0 [0 USROS Federal Water Pollution Control Administration (1969); Cooper and
others (1988).
Ironodes sp.........ccoouoccevccvnes e [0 1o U Abell (1977).
Kings River........ccoceeuvees Abell (1978).
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Table 17. Benthic macroinvertebrates reported from waters of the San Joaquin-Tulare Basins study unit—Continued

Taxa

Drainage or location Literature cited

Arthropoda—Continued:
Insecta—Continued:
Ephemeroptera—Continued:
Heptageniidae—Continued:
Rhithrogena sp. ...................

Rhithrogena morrisoni..........

Stenonema sp............couvuveene
Ephemerellidae:

Attenela sp...........oueernena.

Caudatella sp. ......................

Caudatella hystrix ................

Drunella grandis. ..................
Drunella spinifera ................
Ephemerella sp......................

Ephemerella coloradoenisi...
Ephemerella flavilinia ..........
Ephemerella heterocaudata..
Ephemerella inermis.............
Ephemerella invaria gp. .......
Ephemerella needhami.........

8D (2) oo
Ephemerella pelosa...............

Ephemerella proserpina
(=grandis).

Ephemerella proserpina........

Ephemerella sequoiae ..........

Ephemerella serrata gp. .......

Ephemerella tibialis .............

Serratella sp. ...........coocvvuenn..
Tricorythidae:

Leptohyphes sp. ...........c.con...

Tricorythodes sp...................
Leptophlebiidae..........ccccovrecvuennen.

Paraleptophlebia sp. ............

Odonata........occenververeenincnniinienienieennens
Anisoptera
Cordulegastridae.............coceeuenen..
Cordulegaster dorsalis .........
Aeshnidae:
Anax walsinghami.................
Corduliidae:
Tetragoneuria sp...................
Libellulidae:
Tarnetrum corruptum...........

66

Kaweah River.................. Federal Water Pollution Control Administration (1969); Abell
1977).

Kings River.........cccooevureene Kings River Conservation District (1987).

...... dO.cevcvvnieirccriiecneneen. Abell (1978).

...... do....coevevvervisreneeeen. - Kings River Conservation District (1987).

Kaweah River.................. Cooper and others (1988).

Melack and others (1987); Cooper and others (1988).
Melack and others (1989).

Kings River..........ccoueu.ue. Abell (1978).
Kaweah River.................. Melack and others (1987).
Kings River Kings River Conservation District (1987).
Kaweah River.................. Abell (1977); Melack and others (1989).
Kings River...........ccc.c...... Abell (1978).
Kaweah River.................. Melack and others (1989).
...... dO.verevceirrieeeeeieneneen. - Abell (1977); Melack and others (1989).
...... do...cooveeerevvereeeenn....  Federal Water Pollution Control Administration (1969); Cooper and
others (1988); Melack and others (1987, 1989).

Kings River..........ccooue... Kings River Conservation District (1987).
Kaweah River.................. Abell (1977).

Do.
Kings River..........cceucuu.... Abell (1978).
Kaweah River.................. Abell (1977).
...... 13 1o JOUUOOUTOURRR Do.
...... do.... Do.
Kings River........ccccoeennae Abell (1978).
Kaweah River.................. Abell (1977).

Abell (1978).

Do.
Kaweah River.................. Abell (1977).
Kings River.......ccovecvrueane. Abell (1978).
Kaweah River Abell (1977).
Kings River.........ccoeenen Abell (1978).
Kaweah River ... Cooper and others (1988); Melack and others (1989).

Kings River Conservation District (1987)
Burdick (1974)
Do.

Federal Water Pollution Control Administration (1969); Abell
(1977); Cooper and others (1988); Melack and others (1989)

Cosumnes River .............. Bottorff and Knight (1988)

Kings River........ccococeneee. Abell (1978); Kings River Conservation District (1987)
Upper San Joaquin River. Needham and Hanson (1935)

Kings River......c.ccoocoeneevne. Kings River Conservation District (1987)

...... dO..orveerinieernierneeee. Abell (1978)

Kesterson Reservoir ........ Lawrence Berkeley Laboratory (1987)

Tulare Basin ponds........... Parker and Knight (1989)

Kesterson Reservoir ........ Lawrence Berkeley Laboratory (1987)
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Table 17. Benthic macroinvertebrates reported from waters of the San Joaquin-Tulare Basins study unit—Continued

Taxa Drainage or location Literature cited
Arthropoda—Continued:
Insecta—Continued:
Zygoptera:
Coenagrionidae:
ATGIA SP.ceverrrecnrarrerenrerraerrnns Kings River........ccoeueneee. Kings River Conservation District (1987).
Argiavivida .................uc..... Kaweah River .................. Abell (1977).
Engllagma sp. ............ccco.... Tulare Basin ponds .......... Parker and Knight (1989).
Ischnura sp. ........cccooevcnvenes e 14 1 RO Do.
Ischnura barberi.................. Kesterson Reservoir......... Lawrence Berkeley Laboratory (1987).
Zoniagrion sp Kaweah River.................. Melack and others (1987).
Plecoptera........ccouvevenininiercnicenncnenneeas Upper San Joaquin River. Needham and Hanson (1935).
Kings River........c..c.ceen... Burdick (1974); Kings River Conservation District (1987).
Peltoperlidae:
Peltoperla sp.............un...... Kaweah River .................. Federal Water Pollution Control Administration (1969).
Peltoperla brevis.................. ... O e Abell (1977).
Pteronarcyidae:
Pteronarcys californica ....... ... dO e Do.
Kings River........ccccceeennen. Abell (1978).
Taeniopterygidae:
Brachypterinae:
*Brachyptera sp................... Kaweah River.................. Abell (1977).
*Brachyptera pallidura ....... ... (4 [o OO Do.
Oemopteryx vanduzeea........ Cosumnes River............... Bottorff and Knight (1988).
Nemouridae:
Amphinemurinae:
Amphinemura sp. ................ Cooper and others (1988).
Malenka sp............c.ccouenunene. Abell (1977); Melack and others (1987, 1989); Cooper and others
(1988).
Malenka californica............. Bottorff and Knight (1988). -
Malenka depressa................ Do.
Nemourinae:
Nemoura sp Federal Water Pollution Control Administration (1969).
(2)eiee st Abell (1977); Melack and others (1987); Cooper and others (1988).
Kings River........ccccovvvenne Abell (1978).
Nemoura columbiana .......... Kaweah River .................. Abell (1977).
Kings River Abell (1978).
Nemoura spiniloba............... Cosumnes River............... Bottorff and Knight (1988).
Prostoia besametsa.............. Do.
Soyedina nevadenisis............. Do.
Zapada Sp. ........coecveeenrennnns Cooper and others (1988); Melack and others (1989).
Zapada cinctipes.................. Abell (1977, 1978).
Zapada haysi or oregonensis Abell (1977); Melack and others (1989).
?Zapada oregonensis.......... Abell (1978).
Leuctridae:
Leuctrinae:
Perlomyia Sp. .......cccconueeuenine Kaweah River .................. Cooper and others (1988).
Capniidae:
Capnia sp. ......ccccovcvecceevccons e dO s Abell (1977).
Kings River.......ccccceenene. Burdick (1974).
Capnia californica............... Cosumnes River............... Bottorff and Knight (1988).
Eucapnopsis brevicauda...... Kaweah River.........cccucu. Abell (1977).
Cosumnes River............... Bottorff and Knight (1988).
Perlidae:
Perlinae:
Claassenia sabulosa............ Kaweah River .................. Abell (1977).
Acroneuriinae:
Acroneuria sp...................... Federal Water Pollution Control Administration (1969).
Acroneuria californica......... Abell (1977).
Abell (1978).
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Table 17. Benthic macroinvertebrates reported from waters of the San Joaquin—Tulare Basins study unit—Continued

Taxa Drainage or location Literature cited
Arthropoda—Continued:
Insecta—Continued:
Plecoptera—Continued:
Perlodidae:
Perlodinae:
Arcynopteryx sp..........cceeee.. Kaweah River.................. Federal Water Pollution Control Administration (1969).
Arcynopteryx aured............... ... Lo [0 JUUSROOUOR Abell (1977).
Kings River...........coceeeees Abell (1978).
Arcynopteryx barbara........... Kaweah River.. Abell (1977).
Kings River..........ccccoun.. Abell (1978).
Arcynopteryx parallela......... Kaweah River.................. Abell (1977).
Kings River. Abell (1978).
Cultus Sp..cceeeeeereeceeeceenns Kaweah River.................. Melack and others (1989).
*ISOGENUS SP. ceoveveveereeiriireeees e 14 [0 J OO Federal Water Pollution Control Administration (1969).
(2) oo e, do.....n. Abell (1977).
Kings River Abell (1978).
*Isogenus nonus ................... Kaweah River.........cc...... Abell (1977).
Kogotus sp. ....cucveeenicvnvenes ven O Melack and others (1987).
Megarcys Sp......cccevevcvcnans e dO e Cooper and others (1988).
Skwala sp. .....cc.oeeeeicnnccirins e O Do.
Isoperlinae:
Isoperla sp. .........ccuvureiivnenns Federal Water Pollution Control Administration (1969).
[ (72) ORI Abell (1977); Melack and others (1987); Cooper and others (1988).
Isoperla sp. (2) ...... Kings River Abell (1978).
Isoperla acula........ Cosumnes River .............. Bottorff and others (1990).
Isoperla adunca..... Do

Bottorff and Knight (1988); Bottorff and others (1990).
Bottorff and others (1990).

Isoperla bifurcata ..
Isoperla miwok .....................

Isoperla quingepunctata....... Melack and others (1989).
Rickera sp........ccccovuvveevenene. Abell (1977).

Chloroperlidae:

Paraperlinae:
Paraperla frontalis................ ... O Do.
Chloroperlinae:
Alloperla Sp. .........cocvovvvvveins eend (¢ {0 JO Federal Water Pollution Control Administration (1969); Cooper and
others (1988); Melack and others (1989).

Suwallia sp. .......cccoveveevnnnenn. Melack and others (1989).
Suwallia autumna......... Bottorff and Knight (1988).
Sweltsa Sp. ...ccoveeereeenenne Cooper and others (1988); Melack and others (1989).
Sweltsa borealis............ Bottorff and Knight (1988).
Sweltsa pacificum ......... Melack and others (1989).
*Hastaperla sp. ............ . Abell (1977).
?Hastaperla sp. .................... Abell (1978).

Unknown affiliation:
Cosumnoperla hypocrena..... Cosumnes River .............. Bottorff and Knight (1988).

Hemiptera:

Corixidae .......coeevvevievnrirrrcrerrennnn, Kings River.........ccccoeuueen. Burdick (1974).

Corisella inscripta................ Kesterson Reservoir ........ Lawrence Berkeley Laboratory (1987).
Tulare Basin ponds.......... Parker and Knight (1989).

Sigara sp.......cevveevcrieencnnne Kaweah River................. Melack and others (1989).
Trichocorixa reticulata......... Tulare Basin ponds........... Parker and Knight (1989).

Notonectidae:
Buenoa scimitra.................... ... (4 o SO Do.
Notonecta sp..............ccuneunee Kaweah River.................. Melack and others (1989).
Notonecta unifasciana........... Kesterson Reservoir ........ Lawrence Berkeley Laboratory (1987).

Tulare Basin ponds.......... Parker and Knight (1989).

Hebridae:

Merragata hebroides............ Kesterson Reservoir ........ Lawrence Berkeley Laboratory (1987).
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Table 17. Benthic macroinvertebrates reported from waters of the San Joaquin-Tulare Basins study unit—Continued

Taxa Drainage or location Literature cited
Arthropoda—Continued:
Insecta—Continued:
Megaloptera:
Corydalidae...........cooververmvvevnnrennns Kaweah River.................. Federal Water Pollution Control Administration (1969).
Corydalinae:
Corydalus cognata............... ... dO s Abell (1977).
Chauliodinae:
Dysmicoshermes sp.............. Kings River.........cccocorunnns Kings River Conservation District (1987).
Dysmicoshermes crepusculus Kaweah River .................. Abell (1977).
Protochauliodes sp. ............. Cosumnes River............... Bottorff and Knight (1988).
Neohermes or Protochaulio- Kaweah River .................. Abell (1977).
des sp.
Sialidae:
Sialis SP..coeeeereicrieeieenieee v dO i Cooper and others (1988); Melack and others (1987, 1989).
Kings River..................... Abell (1978).
Trichoptera.......oceeveeeecnencrcerennenes Upper San Joaquin River. Needham and Hanson (1935).
Philopotamidae:
Chimarra Sp......cococoeeeeennns Kaweah River .................. Abell (1977).
Chimarra utahensis ............. Burdick and Gill (1992).
Dolophilodes aequalis ......... Do.
Dolophilodes novusameri- Do.
canus.
Dolophilodes sisko.... . Do.
Wormaldia sp. ...........couuu.e... Abell (1977).
Abell (1978).
Wormaldia gabriella............ Burdick and Gill (1992).
Wormaldia occidea...... Do.
Wormaldia pachiza.... Cosumnes River... Bottorff and Knight (1988).
Psychomyiidae.................. ... Kings River.......... Burdick (1974).
Tinodes Sp. .......ccovvrvvernencnne. Kaweah River .................. Melack and others (1989).
Tinodes belisa....................... Burdick and Gill (1992).
Tinodes provo............ Do.
Tinodes signodano .... Do.
Polycentropidae................. Kings River Conservation District (1987).
Polycentropodinae.....................
Polycentropus sp.................. Cooper and others (1988); Melack and others (1989).
Abell (1978).
Polycentropus halidus ......... Burdick and Gill (1992).
Polycentropus variegatus .... Do.
Hydropsychidae..........cccoervvriennns Kings River Conservation District (1987).
Arctopsychinae
Arctopsyche sp. ........c.cccune. Abell (1977).
Abell (1978).
Arctopsyche californica........ Burdick and Gill (1992).
Arctopsyche grandis Do.
Parapsyche sp...................... Federal Water Pollution Control Administration (1969); Abell
(1977).
Parapsyche almota B e Burdick and Gill (1992).
Parapsyche spinata Do.
Parapsyche turbinata .......... Do.
Parapsyche elsis .................. Do.
Hydropsychinae:
Cheumatopsyche sp. ............ Kaweah River......ccco...... Abell (1977).
(2) o Abell (1978).
Cheumatopsyche mickeli ..... Burdick and Gill (1992).
Hydropsyche Sp.................... Federal Water Pollution Control Administration (1969).
Abell (1977).
(E2-3) e Cooper and others (1988).
Abell (1978).
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Table 17. Benthic macroinvertebrates reported from waters of the San Joaquin-Tulare Basins study unit—Continued

Taxa Drainage or location Literature cited

Arthropoda—Continued:
Insecta—Continued:
Trichoptera—Continued:
Hydropsychidae—Continued:
Hydropsychinae—Continued:

[ ) O Burdick (1974).
Hydropsyche abella Burdick and Gill (1992).
Hydropsyche amblis ............. Do.
Hydropsyche californica ...... Do.
Hydropsyche cockerelii......... Do.
Hydropsyche occidentalis..... Do.
Hydropsyche oslari............... Do.
Hydropsyche philo................ Do.
Hydropsyche protis............... Do.
Hydropsyche (new sp.)......... Do.
Rhyacophilidae:
Rhyacophila sp. ........... Federal Water Pollution Control Administration (1969).
() I Abell (1977); Cooper and others (1988) Melack and others (1989).
(F4) oo, Abell (1978).
Rhyacophila acropedes ........ Burdick and Gill (1992).
Rhyacophila alberta............. Do.
Rhyacophila angelia............ Do.
Rhyacophila bifila................. Do.
Rhyacophila chordata........... Do.
Rhyacophila darbyi.............. Do.
Rhyacophila harmstoni ........ Bottorff and Knight (1988).
Rhyacophila inculta.............. Burdick and Gill (1992).
Rhyacophila kernada............ Abell (1977); Burdick and Gill (1992).
Rhyacophila narvae.............. Burdick and Gill (1992).
Rhyacophila neograndis....... Bottorff and Knight (1988); Burdick and Gill (1992).
Rhyacophila nevadensis........ Burdick and Gill (1992).
Rhyacophila norcuta............. Do.
Rhyacophila oreta ....... Do.
Rhyacophila pellisa Do.
Rhyacophila sequoia............. Do.
Rhyacophila sonoma............. Abell (1977).
Rhyacophila tucula............... Burdick and Gill (1992).
Rhyacophila vaccua.............. Do.
Rhyacophila valuma............. Do.
Rhyacophila vao................... Do.
Rhyacophila verrula............. Do.
Rhyacophila vocala.............. Do.
Rhyacophila vuzana.............. Do.
Rhyacophila (new sp. 1)....... Do.
Rhyacophila (new spp.)........ Do.
Glossosomatidae:

(D)o Abell (1977).

Glossosomatinae:
Anagapetus chandleri........... F ot eeens Burdick and Gill (1992).
Anagapetus thirz@................. Do.

Glossosoma sp........ceuuee... Federal Water Pollution Control Administration (1969); Abell
(1977).

Abell (1978); Kings River Conservation District (1987).

Glossosoma califica.............. Burdick and Gill (1992).
Glossosoma mereca Do.
Glossosoma oregonense....... Do.
Agaptinae:
AZApELUS SP. ..cveerverrrrrnrannn Kaweah River.................. Abell (1977).
Kings River........ccceccennnne Burdick (1974); Abell (1978).
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Table 17. Benthic macroinvertebrates reported from waters of the San Joaquin-Tulare Basins study unit—Continued

Taxa Drainage or location Literature cited

Arthropoda—Continued:
Insecta—Continued:
Trichoptera—Continued:
Glossosomatidae—Continued:
Agaptinae—Continued:

Agapetus malleatus.............. F oo eeaere st naeas Burdick and Gill (1992).
Agapetus marlo Do.
Agapetus tahoe Do.
Agapetus (new sp.)............... F e e Do.
Protoptilinae:
Protoptila coloma................ Do.
Hydroptilidae .........ccoocoveenrevinnnn. Burdick (1974); Kings River Conservation District (1987).
Hydroptilinae:
Hydroptilini:
Agraylea saltesa................... T e Burdick and Gill (1992).
Hydroptila sp. .......ccoccveceee. Abell (1977).
Hydroptila arctia ................. Burdick and Gill (1992).
Hydroptila consimilis. Do.
Hydroptila rono ................... Do.
Hydroptila xera.................... Do.
Ochrotrichia sp. ........cecuneenn. Cooper and others (1988).

Ochrotrichia arizonica
(or new sp.).

Burdick and Gill (1992).

Ochrotrichia buccata F e Do.
(or new sp.).
Ochrotrichia burdicki.......... F e Do.
Ochrotrichia quadrisping..... T .c.ceneeivinerennnineennnes Do.
Ochrotrichia rothi................ Do.
Ochrotrichia stylata............. Do.
Ochrotrichia (new sp. 2)...... Do.
Ochrotrichia vertrassi Do.
(or new sp. 3).
Ochrotrichia (new sp. 5)...... T errererererenerrernsest s sesesenas Do.
Ochrotrichia (or new sp. F o Do.
"bar").
Ochrotrichia (new sp. 8)...... F o Do.
Oxyethira dualis .................. Do.
Oxyethira pallida................. Do.
Stactobiini:
Stactobiella delira ............... F e Do.
Leucotrichiini:
Leucotrichia sp. ......c.c.ce.... Kaweah River........c......... Abell (1977).
Leucotrichia pictipes ........... F e Burdick and Gill (1992).
Orthotrichiini:
Ichthytrichia clavata F e Do.
(or new sp.).
Orthotrichia (new sp.)......... F e Do.
Neotrichiini:
Neotrichia sp. .......ccoucuveene. T o Do.
Phryganeidae:
Yphriinae:
Yphria californica................ F s Do.
Brachycentridae.............cc.ocoucunee. Kings River.......c.ccecrvceneee. Kings River Conservation District (1987).
Amiocentrus Sp. ........ceeeeuene Kaweah River .................. Cooper and others (1988).
Amiocentrus aspilus............. SR Burdick and Gill (1992).
Brachycentrus americanus.. ¥ ... Do.
Micrasema Sp.........ccoounnune. Kaweah River ........coueunn. Federal Water Pollution Control Administration (1969); Abell
(1977); Cooper and others (1988).
Kings River.......c.ccoeeenene. Abell (1978).
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Table 17. Benthic macroinvertebrates reported from waters of the San Joaquin-Tulare Basins study unit—Continued

Taxa Drainage or location Literature cited
Arthropoda—Continued:
Insecta—Continued:
Trichoptera—Continued:
Brachycentridae—Continued:
() U SUR | Burdick and Gill (1992).
Lepidostomidae........... ... Kings River........ Kings River Conservation District (1987).
Lepidostoma sp ... Kaweah River.... Federal Water Pollution Control Administration (1969).
(7)) JS v e do..riren, ... Abell (1977); Melack and others (1987).
) IO Kings River.........ccccceeuene Abell (1978).
Lepidostoma baxea............... LR Burdick and Gill (1992).
Lepidostoma calensis............ Do.
Lepidostoma cinereum......... Do.
Lepidostoma mira................. Do.
Lepidostoma podagerum...... Do.
Lepidostoma cf. quercina..... Kaweah River.................. Melack and others (1989).
Lepidostoma rayneri............. Burdick and Gill (1992).
Lepidostoma rodfi................. Do.
Lepidostoma unicolor........... T e Do.
Lepidostoma velada.............. B e Do.
Limnephilidae:
() TN Kaweah River.........c........ Abell (1977).
(2) oo Kings River........cccoevevenene Abell (1978).
Dicosmoecinae:
Amphicosmoecus canax........ U Burdick and Gill (1992).
Cryptochia denningi Do.
Cryptochia excella................ California Academy of Sciences collection, reported by Burdick and
Gill (1992)
Dicosmoecus Sp. .........cveeen. . ..... Cooper and others (1988); Melack and others (1989).
Dicosmoecus gilvipes ....  Burdick and Gill (1992).
Dicosmoecus pallicornis....... | SRR Do.
Ecclisomyia sp...........coceuen.. Kaweah River.................. Federal Water Pollution Control Administration (1969); Cooper and
others (1988); Melack and others (1989).
Ecclisomyia bilera................ Cosumnes River .............. Bottorff and Knight (1988).
Ecclisomyia conspersa......... | TSP Burdick and Gill (1992).
Ecclisomyia simulata............ ) Do.
Onocosmoecus sp. .............. Kaweah River.... Melack and others (1989).
Onocosmoecus sequoiae ...... F e .... Burdick and Gill (1992).
Onocosmoecus unicolor ....... L RO Do.
Apataniinae:
Apatania sorex...................... RO Do.
Neophylacinae:
Neophylax sp. ..........couvurenn. Kaweah River.................. Federal Water Pollution Control Administration (1969); Cooper and
i others (1988).
Neophylax occidentis............ Burdick and Gill (1992).
?Neophylax rickeri............... Do.
Oligophlebodes sp................ Federal Water Pollution Control Administration (1969).
Oligophlebodes sierra.......... Burdick and Gill (1992).
Limnephilinae:
Chyranda centralis................ Bottorff and Knight (1988); Burdick and Gill (1992).
Clostoeca sp. Or Spp. ............ Burdick and Gill (1992).
Clostoeca disjuncta.............. Bottorff and Knight (1988).
Desmona sp. .........coouvueenenne Cooper and others (1988).
Desmona mono..................... Burdick and Gill (1992).
Hesperophylax sp. ................ Melack and others (1989).
Hesperophylax incissus ........ Burdick and Gill (1992).
Homophylax sp..................... Bottorff and Knight (1988).
Homophylax nevadensis....... Burdick and Gill (1992).

Lenarchus brevipennis..........
Gill (1992).
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Table 17. Benthic macroinvertebrates reported from waters of the San Joaquin-Tulare Basins study unit—Continued

Taxa Drainage or location Literature cited
Arthropoda—Continued:
Insecta—Continued:
Trichoptera—Continued:
Limnephilinae—Continued:
Lenarchus rillus.................... L OO Burdick and Gill (1992).
Limnephilus aretto................ b e Do.
Limnephilus bucketti Do.
Limnephilus frijole............... Do.
Limnephilus morrisoni......... F e Do.
Limnephilus peltus............... Do.
Limnephilus secludens......... Do.
?Philarctus sp. ........ccoeeuven.. T o e Do.
Psychoglypha sp. ...... Melack and others (1989).
Psychoglypha bella.............. Burdick and Gill (1992).
Psychoglypha ormiae .......... Cosumnes River............... Bottorff and Knight (1988).
Psychoglypha mazamae....... F e Burdick and Gill (1992).
Psychoglypha (new sp.)....... F Do.
Subfamily uncertain:
Pedomoecus sierra............... F e Do.
Uenoidae:
Neothremma sp. ........ccun...... Kaweah River .................. Federal Water Pollution Control Administration (1969).
Sericostomatidae:
*Sericostoma griseolum ...... Kings River......ccococeeeveeneee Abell (1978).
Gumaga griseola or nigriola T .......ecevevvevcoeneerieeeens Burdick and Gill (1992).
Odontoceridae:
Marilia flexuosa................... Do.
Namamyia sp. ......coccoeeeuenne Kings River Conservation District (1987).
Namamyia plutonis.............. Burdick and Gill (1992).
Parthina linea...................... California Academy of Sciences collection, reported by Burdick and
Gill (1992).
Helicopsychidae.......ccc.cevrrvueunnne. Kings River.....c...coeerune. Kings River Conservation District (1987).
Helicopsyche borealis.......... Kaweah River.........cco...... Abell (1977).
Kings River......c.ccoeeuee. Abell (1978); Burdick and Gill (1992).
Calamoceratidae:
Heteroplectron californicum — + .........cccoovveevorccvcvneronees Burdick and Gill (1992).
Leptoceridag .........cocoveveeerevencnnnnee Burdick (1974)
Ceraclea tarsipunciata........ Burdick and Gill (1992).
Mystacides alafimbriata ...... Do.
Nectopsyche gracilis............ Do.
0ecetis SP..cccuenverneeneerenreennes Kings River Conservation District (1987).
Oecetis avara (O NEW SP.)... T ovevververenreinseereninreseseenns Burdick and Gill (1992).
Oecetis inconspicua............. Do.
Triaenodes tardus Do.
Triaenodes (Ylodes) sp. ....... Do.
Lepidoptera:
Pyralidae:
Argyactini:
Petrophila sp........ccovouun. Kaweah River .................. Federal Water Pollution Control Administration (1969).
Kings River.....cccoooveennene Burdick (1974).
COleOPLEra....covvriirecriireveeiiirinisines Upper San Joaquin River. Needham and Hanson (1935).
Gyrinidae:
Gyrinus sp..... Kaweah River .................. Melack and others (1989).
Dytiscidae ........cccvvumviverrnsiiicnines coes (1 [0 SOOIt Abell (1977).
Kings River......cccccovvunenene Burdick (1974).
Agabinus Sp. .....cocveervereenes Cosumnes River............... Bottorff and Knight (1988).
Agabinus gabrellus .. Abell (1977).
AGabUS SP...covevrereeerereenee Abell (1977); Cooper and others (1988); Melack and others (1989).
(2) oot Bottorff and Knight (1988).
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Table 17. Benthic macroinvertebrates reported from waters of the San Joaquin-Tulare Basins study unit—Continued

Taxa Drainage or location Literature cited
Arthropoda—Continued:
Insecta—Continued:
Coleoptera—Continued:
Dytiscidae—Continued:
Coptotomus Sp. ..........ccceun... Kaweah River................. Cooper and others (1988).
Deronectes sp. ........occecveeee . & (o OSSN Melack and others (1989).
Hydroporus sp. .. Cooper and others (1988); Melack and others (1989).
Bottorff and Knight (1988).
Tulare Basin ponds.......... Parker and Knight (1989).
Hydrovatus sp..........coeevveennn. Kaweah River.................. Cooper and others (1988); Melack and others (1989).
Hydrovatus brevipes............. Tulare Basin ponds.......... Parker and Knight (1989).
Hygrotus sp........cceveeveerenenne Kesterson Reservoir ........ Lawrence Berkeley Laboratory (1987).
Laccodytes sp. ...... Abell (1977).
Oreodytes sp. ........ Melack and others (1989).
Cooper and others (1988).
Rhantus sp. ....cccccvevreneennnee. Do.
Lawrence Berkeley Laboratory (1987).
Uvarus sp......ccoveveveveverunnns Cooper and others (1988).
Hydrophilidae:
AMELOT SP.ccceeereiieseciees s 15 [0 JOTSUOUOURUORN Melack and others (1989).
Berosus fraternus ................. Kesterson Reservoir ........ Lawrence Berkeley Laboratory (1987).
Crenitis Sp.....ccoceevevvvevrerennnns Cosumnes River .............. Bottorff and Knight (1988).
Cymbiodyta Sp. ......ocoveevcvcees e dO e Do.
Cymbiodyta imbellis.............. ... 4 [0 S Do.
Enochrus conjunctus........... Kesterson Reservoir ........ Lawrence Berkeley Laboratory (1987).
Enochrus diffusus..........cee ... {3 [0 J OO Do.
Tulare Basin ponds........... Parker and Knight (1989).
Helophorus sp. .......ccueeuenn Kaweah River.................. Melack and others (1989).
Hydrobius sp........ccovevcnevee e 14 (o JOROTOROUPRPO Do.
Hydrophilus sp. ...........cceceeee . dO..ii e Do.
Hydrophilus triangularis...... Tulare Basin ponds.......... Parker and Knight (1989).
Paracymus sp. ........coevvienanns Cosumnes River .............. Bottorff and Knight (1988).
Kaweah River Cooper and others (1988).
Tropisternus Sp. ......ccvcvveeveee erund 16 (o JUIURORTR: Melack and others (1989).
Hydraenidae:
Hydraenasp. ............uuueue. Cosumnes River .............. Bottorff and Knight (1988).
Psephenidae ... KingsRiver.........cccceueue. Burdick (1974).
Eubrianax edwardsi ............. Kaweah River.................. Abell (1977).
Kings River.........cccueueee. Abell (1978); Kings River Conservation District (1987).
Psephenus Sp. ...cucceevcvivvrveeres vnens {4 [0 JOTUUUROTN Kings River Conservation District (1987).
Helodidae:
Elodes Sp. «.coovuveverreenrecenriene Kaweah River.................. Abell (1977).
Elmidae Federal Water Pollution Control Administration (1969).
Abell (1978).
Ampumixis dispar................. Do.
Heterlimnius koebeli............. Abell (1977).
Lara sp. ....coeeevvvenrinerecinnonns Do.
Narpus sp. cc.cocoveeeeereveecveiennnns Abell (1977); Cooper and others (1988); Melack and others (1989).
Neoelmis sp. ............cuuueu.... Kings River........cccocuvenee. Kings River Conservation District (1987).
Optioservus Sp. .........coeueuene.. Kaweah River.........oceuu. Abell (1977).
Optioservus quadrimaculatus Kings River..................... Abell (1978).
Rhizelmus sp. ........c.covveverenen. Kaweah River.................. Melack and others (1989).
ZAIIZOVIA SP--vevveeeeerreiecirrecens eerens do e, Cooper and others (1988).
Zaitzevia parvula..........ueceee i 14 o JUUURUOROITPOO Abell (1977).
Kings River...........cccoeuee... Abell (1978).
Diptera......ocvevveiiinineiiiiieneeniiien Upper San Joaquin River. Needham and Hanson (1935).
Deuterophlebiidae ...............c....... Kings River..........cccccc...c. Burdick (1974).
Deuterophlebia sp. ............... Kaweah River.................. Abell (1977).
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Table 17. Benthic macroinvertebrates reported from waters of the San Joaquin—Tulare Basins study unit—Continued

Taxa Drainage or iocation Literature cited

Arthropoda—Continued:
Insecta—Continued:
Diptera—Continued:
Deuterophlebiidae—Continued:
Deuterophlebia sp.—Continued:

Kaweah River.................. Cooper and others (1988).
Kings River Abell (1978).
Blephariceridae (4) .....ccccooeuuue.e. Kaweah River .................. Abell (1977).
Burdick (1974); Abell (1978).
Blepharicera................n... Kings River Conservation District (1987).
Tipulidae......ccccocerivnerecccrnenenenn Federal Water Pollution Control Administration (1969).
Burdick (1974); Kings River Conservation District (1987).
Tipulinae:
Tipula sp. ..cooevevvevaennnn, Kaweah River.................. Abell (1977); Melack and others (1989).
(65 ) TSRO Cosumnes River............... Bottorff and Knight (1988).
Kings River........cc.ooeennen. Abell (1978).
Limoniinae:
Antocha monticola............... Kaweah River .................. Abell (1977).
Kings River......... Abell (1978).
Dicranota sp. (2)......cccouuene. Kaweah River ..... Abell (1977); Cooper and others (1988); Melack and others (1989).
Cosumnes River.. Bottorff and Knight (1988).
Kings River......... Abell (1978).
Hexatoma sp. ..........cocecovnueens Kaweah River ..... Melack and others (1989).
Limnophora ?phila.............. ... do .o Do.
2Limonia Sp. .....c.vceeeeenvcncnas Kings River........ccevunnene Abell (1978).
Pedicia Sp. .....ccccouveevrevrvenes Kaweah River.................. Cooper and others (1988); Melack and others (1989).
Cosumnes River............... Bottorff and Knight (1988).
Pilaria sp. ......cocceveeriivnennenee Do.
Polymera sp. .....cocueueveccennens Do.
Polymera ?meda.... Abell (1978).
Psychodidae........ccocccceveurrnrnnnnees Kings River Conservation District (1987).
Maruina lanceolata.............. Abell (1977).
Pericoma sp. .......ouvvvceecennnne. Bottorff and Knight (1988).
Ceratopogonidae (=Heleidae)...... Kaweah River .................. Federal Water Pollution Control Administration (1969).
Kesterson Reservoir......... Lawrence Berkeley Laboratory (1987).
Kings River District......... Burdick (1974); Abell (1978); Kings River Conservation (1987).
Forcipomyiinae:
Forcipomyia sp. ........ccouuun. Kaweah River .................. Melack and others (1989).
Ceratopogoninae:
Palpomyia sp. ...ccccoevvvvcvccns aeneen O e Abell (1977).
Kings River........cccccvene. Abell (1978).
Tulare Basin ponds .......... Parker and Knight (1989).
Simuliidae.......ccocnivvecrccininnnne Kaweah River .................. Federal Water Pollution Control Administration (1969).
...... Kings River Conservation District (1987).
...... Abell (1978).
...... Abell (1977); Cooper and others (1988); Melack and others (1989).
Cosumnes River............... Bottorff and Knight (1988).
Kings River..........ccoeernee. Abell (1978); Kings River Conservation District (1987).
Kaweah River .................. Cooper and others (1988); Melack and others (1989).
Cosumnes River............... Bottorff and Knight (1988).
(D)o et Kings River.........cccocenencee Burdick (1974).
Simulium arcticum.............. Kaweah River .................. Abell (1977).
Burdick (1974); Abell (1978).
Simulium argus.................... Burdick (1974).
Simulium aureum or latipes. ..., (o Lo U Abell (1978).
Simulium bivittatum............. ... O e Burdick (1974).
Simulium canadense............ Kaweah River .................. Abell (1977).
Kings River........c.ocrunee Abell (1978).
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Table 17. Benthic macroinvertebrates reported from waters of the San Joaquin-Tulare Basins study unit—Continued

Taxa Drainage or location Literature cited
Arthropoda—Continued:
Insecta—Continued:
Diptera—Continued:
Simuliidae—Continued:
Simulium hunteri .................. Kaweah River................. Abell (1977).
Simulium piperi........ucueeere .. 14 s U Do.
Simulium pugetense.............. ... {5 [0 TR Do.
Simulium trivitatum Abell (1978).
Simulium venustum............... Burdick (1974).
Simulium venustumor ... {4 Lo TR Abell (1978).
tuberosum.
Simulium virgatum ............... Abell (1977).
Burdick (1974).
Simulium vittatum................. Do.
TWInnia Sp. «eoovevvevecnereveirnnnan Kaweah River................. Cooper and others (1988); Melack and others (1989).
Chironomidae Federal Water Pollution Control Administration (1969).
(4 F Abell (1977); Cooper and others (1988); Melack and others (1989).
Bottorff and Knight (1988).
(many Species)........ccevveveerene Kings River.........cccceeuenne Abell (1978); Kings River Conservation District (1987).
Tanypodinae:
Macropelopiini:
?Apsectrotanypus sp Federal Water Pollution Control Administration (1969).
Procladius sp.............ccovvunn. Melack and others (1989).
Burdick (1974).
Pentaneurini:
?Ablabesmyia sp................... Kaweah River.................. Melack and others (1989).
Conchapelopia sp.............. ... 14 s SO Federal Water Pollution Control Administration (1969).
Larsia sp. ......cceovvvevniinvniins e 4 [0 JOUTOUUOUORUORTI Do.
Thienemannimyia sp............. ... 14 [« OO Melack and others (1989).
Tanypodini:
Tanypus Sp. c.c.cveeeveeeeenereeenns Tulare Basin ponds........... Parker and Knight (1989).
Diamesinae:
Diamesini:
Diamesa sp. ........cccecvviviennnne Kaweah River.................. Federal Water Pollution Control Administration (1969); Melack and
others (1989).
Pagastia sp. ......ccovveevviennrs crene [ (o TR Melack and others (1989).
Pseudodiamesa sp. ............... ... O Do.
Prodiamesinae
Prodiamesa sp. .........ccococeeves werus {4 [ TSRO Federal Water Pollution Control Administration (1969).
Orthocladiinae:
Corynoneurini:
Corynoneura sp. .........cceeeeve— aovees T Lo DU Melack and others (1989).
Kings River..........cccceu.... Burdick (1974).
Thienemaniella sp. .........ccc..  .u.n. O Do.
Orthocladiini or Metriocnemini
Brillia sp. Kaweah River.................. Federal Water Pollution Control Administration (1969).
Cardiocladius sp................... Kings River Burdick (1974).
?Chaetocladius sp. ............... Kaweah River.................. Melack and others (1989).
Cricotopus Sp. ........coveeuveun.. el O Federal Water Pollution Control Administration (1969).
() TN Kings River........cccooenunn.. Burdick (1974).
Tulare Basin ponds.......... Parker and Knight (1989).
Cricotopus or Orthocladius ... {3 [o TSROSO Do.
£p.
Diplocladius sp.... Melack and others (1989).
Eukiefferiella sp.................... Do.
Kesterson Reservoir ........ Lawrence Berkeley Laboratory (1987).
(3) e Kings River........cccocenuene. Burdick (1974).
Tulare Basin ponds........... Parker and Knight (1989).
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Table 17. Benthic macroinvertebrates reported from waters of the San Joaquin-Tulare Basins study unit—Continued

Taxa Drainage or location Literature cited

Arthropoda—Continued:
Insecta—Continued:
Diptera—Continued:
Chironomidae—Continued:
Orthocladiini or Metriocnemini—Continued:

Halocladius sp. .................... Kaweah River .................. Melack and others (1989).
Heterotissocladius sp........... ... dO i Do.
Hydrobaenus sp. ........cccoeceee une do...... Do.
Nanocladius sp. ...........cce.. ... do............. .... Federal Water Pollution Control Administration (1969).
Orthocladius sp. .... ... Kings River....... ... Burdick (1974).
?Orthocladius sp. ................ Kaweah River........c.c..... Melack and others (1989).
Parametriocnemus sp. ......... Do.
Psectrocladius sp. ................ Do.
Smittia Sp. ceooveveeeeiiiiae Kings River.........ccocceeeenne Burdick (1974).
Synorthocladius sp............... Kaweah River.................. Melack and others (1989).
Thienemanni@ Sp..........ccccce.— euens (5 [0 URUOORROUPRURORON Do.
Chironominae:
Chironmini:
Chironomus $p. (2) .ccccceveveves e dO e Do.
Tulare Basin ponds........... Parker and Knight (1989).
Chironomus attenuatus........ Kesterson Reservoir......... Lawrence Berkeley Laboratory (1987).
Microtendipes sp.................. Federal Water Pollution Control Administration (1969).
Parachironomus sp...... Burdick (1974).
Phaenopsectra sp................. Do.
Polypedilum sp. ..........ccuc..... Kaweah River.......coc.c.o.... Federal Water Pollution Control Administration (1969).
Tanytarsini:
Cladotanytarsus sp. ............. Do.
Micropsectra sp. .................. Federal Water Pollution Control Administration (1969); Melack and
others (1989).
Kings River.......coeeenee. Burdick (1974).
Neozavrelia sp. .................... Kaweah River ... Melack and others (1989).
Rheotanytarsus sp................ Kings River.......cc.ceeecvennee Burdick (1974).
Tanytarsus Sp. (4)..ccceevvveces veen dO e Do.
Tulare Basin ponds .......... Parker and Knight (1989).
Genus not listed by Merritt and Cummins (1984)—specific family could not be identified:
Trichocladius sp................... Kaweah River .................. Federal Water Pollution Control Administration (1969).
Kings River.......ccccccevunune Burdick (1974).
Dixidae:
Dixa sp......ooveveiieiecie Kaweah River .................. Cooper and others (1988); Melack and others (1989).
Cosumnes River Bottorff and Knight (1988).
Meringodixa sp. ................... Kaweah River .................. Cooper and others (1988).
Stratiomyidae..........ccceeeeeevenenenne. Kings River........cccceeeee. Burdick (1974).
Euparyphus sp. ........coceeeeeee Kaweah River ................. Abell (1977); Melack and others (1989).
Odontomyia sp.........cceeveene Kesterson Reservoir......... Lawrence Berkeley Laboratory (1987).
Tabanidae:
CRIySOpS SP. «cvvveererieeanannee Kaweah River .................. Abell (1977).
Tabanus Sp. .....cooeeeeeeeveeencnne. Tulare Basin ponds .......... Parker and Knight (1989).
Tabanus punctifer ................ Kesterson Reservoir......... Lawrence Berkeley Laboratory (1987).
Athericidae:
(=Rhagionidae in part).............. Kaweah River ......c..o........ Federal Water Pollution Control Administration (1969).
Aherix Sp......cccceveveevenenennne. Kings River.......c.cocceerenne Kings River Conservation District (1987).
Atherix variagata................. Kaweah River ..........c...... Abell (1977).
Kings River.........cccoeunee. Abell (1978).
Dolichopodidae........cccoeceruevruennne. Kaweah River .................. Federal Water Pollution Control Administration (1969).
Cosumnes River............... Bottorff and Knight (1988).
Kings River......cocecvevenenne Burdick (1974).
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Table 17. Benthic macroinvertebrates reported from waters of the San Joaquin-Tulare Basins study unit—Continued

Taxa Drainage or location Literature cited
Arthropoda—Continued:
Insecta—Continued:
Diptera—Continued:
Empididae........ccceovvververrinennnnn. Kaweah River.................. Federal Water Pollution Control Administration (1969).
Cosumnes River .............. Bottorff and Knight (1988).
Kings River......coccouecvenene Burdick (1974).
Chelifera sp. ........oeevvuvuen.. Kaweah River.................. Melack and others (1989).
Clinocera sp. .....ccocevvevvvvvves v 14 o Cooper and others (1988); Melack and others (1989).
Wiedemannia sp.........ccvceee ... 14 o TS Melack and others (1989).
Syrphidae.........cccooeuuc.. Tulare Basin ponds........... Lawrence Berkeley Laboratory (1987).
Ephydridae .......cccccvvvivennrvcnennnnn. Kings River........cccoeeeee Burdick (1974).
Eristalis aenea..................... Kesterson Reservoir ........ Lawrence Berkeley Laboratory (1987).
Ephydrinae.................. Kings River........cccecevvunnene Burdick (1974).
Ephydra cinere...................... Tulare Basin ponds.......... Parker and Knight (1989).
Ephydra packardi................. Kesterson Reservoir ........ Lawrence Berkeley Laboratory (1987).
Ephydra ripparia gp............. Tulare Basin ponds.......... Parker and Knight (1989).
Muscidae:
(=Anthomyiidae in part)............ Kings River.........cceeenes Burdick (1974).
Limnophora sp. .................... Kaweah River.................. Cooper and others (1988); Melack and others (1989).
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Table 18. Summary of Trichoptera species reported between 1981 and 1991 in Madera, Fresno, Tulare, and Kern Counties

[All species identifications were based on adult specimens. Species were classified as common (C), moderately common (M), or rare (R) based on §ubje§:tive
assessment. Sites usually were sampled for at least 6 months using blacklight traps. +, species captured by other techniques, no frequency information given;

—, species not captured; 7, tentative identification. Data reported by Don Burdick and Richard Gill (California State University, Fresno, written commun.,
1992)]

Altitude, in feet above sea level

Taxa 100- 200~ 700~ 1,400- 2,100- 2,800- 3,500~ 4,200- 4,900- 5,600- 6,300- 7,000~ 7,700-
200 700 1,400 2,100 2,800 3,500 4,200 4,900 5,600 6,300 7,000 7,700 8,700

8,700+

Philopotamidae:
Chimarra utahensis.................... — M C +
Dolophilodes aequalis................. — — — —
Dolophilodes novusamericanus .. — R}
Dolophilodes sisko ....... R
Wormaldia gabriella
Wormaldia occidea...................... — - — + —
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Polycentropodidae:
Polycentropus halidus ................. — —
Polycentropus variegatus
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Hydropsychidae:
Arctopsyche californica............... — +
Arctopsyche grandis.......
Cheumatopsyche mickeli .
Hydropsyche abella..................... —
Hydropsyche amblis .................... —
Hydropsyche californica..
Hydropsyche cockereli ............... —
Hydropsyche occidentalis........... —
Hydropsyche oslari...................... —
Hydropsyche philo...................... —
Hydropsyche protis
Hydropsyche new sp. .................. —
Parapsyche almota....................... —
Parapsyche spinata...................... —
Parapsyche turbinata.................. —
Parapsyche elsis..............c....... _ = - -
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Rhyacophilidae:
Rhyacophila acropedes................ — R! R —
Rhyacophila alberra..................... — — — — — —
Rhyacophila angelita................... — —
Rhyacophila bifila........................ — R
Rhyacophila darbyi ..................... — —

R

=
2
| o
+
2

Rhyacophila chordara ................. —
Rhyacophila incutta..................... —
Rhyacophila kernada................... — — —
Rhyacophila narvae..................... — —_ -
Rhyacophila neograndis.............. — — R
Rhyacophila nevadensis .............. — — —
Rhyacophila norcuta ................... — — —
Rhyacophila oretq ....................... — — —
Rhyacophila pellisa..................... — — —
Rhyacophila sequoia.................... — — R
Rhyacophila tucuia...................... — — — —_ -
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Table 18. Summary of Trichoptera species reported between 1981 and 1991 in Madera, Fresno, Tulare, and Kern

Counties—Continued

Altitude, In feet above sea level

Taxa 100- 200~
200 700

700- 1,400- 2,100- 2,800- 3,500- 4,200~ 4,900- 5,600- 6,300- 7,000~ 7,700-
1,400 2,100 2,800 3,500 4,200 4,900 5,600 6,300 7,000 7,700 8,700

8,700+

Rhyacophilidae—Continued:
Rhyacophila vaccua...................... — —
Rhyacophila valuma....... — —_ —

Rhyacophila vao..........
Rhyacophila verrula...

Rhyacophila vocala...................... — R!
Rhyacophila vuzana...................... — —_

Rhyacophila new sp. 1 ...

Rhyacophila new spp. ................. - —

Glossosomatidae:
Agapetus malleatus ...................... —_ R!
Agapetus marlo .......... - — —
Agapetus tahoe....... -~ — —_

Agapetus new sp

Anagapetus chandleri................... — —
Anagapetus thirza...............u....... — —

Glossosoma califica....
Glossosoma mereca...........
Glossosoma oregonense....
Protoptila coloma.........................

Hydroptilidae:

Agraylea saltesa...............uu...... —
Hydroptila arctia........... .. C
Hydroptila consimilis ................... R
Hydroptila rono................uuu..n... —
Hydroptila xera .............coeeueeeun. C
Ichthytrichia clavata or new sp.... ~—
Leucotrichia pictipes................... —_
Neotrichia Sp. .........oeveeeevmeenncen. —

Ochrotrichia arizonica or new sp. —  —
Ochrotrichia buccata or new sp... — —
Ochrotrichia burdicki................... — —
Ochrotrichia quadrispina............. —_ -
Ochrotrichia rothi ................ - — -
Ochrotrichia stylata.......... .. — R

Ochrotrichia new sp. 2

Ochrotrichia vertrassiornew sp.3 —  —
Ochrotrichia new sp. S................. — -
Ochrotrichia new sp. "bar"........... _— —
Ochrotrichia new sp. §................. —_ -
Ochrotrichia New sp..........eueue... —_ -
Oxyethira dualis .......................... M C
Oxyethira pallida.................c........ C C
Stactobiella delira......................... — M

Phryganeidae:
Yphria californica......................... — —

Brachycentridae:
Amiocentrus aspilus ..................... — —
Brachycentrus americanus.......... —_ —_

Micrasema sp. 1
Micrasema sp. 2

80

Aquatic Biology of the San Joaquin-Tulare Basins, California: Analysis of Available Data Through 1992

| mw®™a

T2 ml mmwwm| mmarmmZ ] Eamal Nzl

~ =

fallml=ml I 2al al 22wl || mowww

2222l anmal

ONOR--I-/

w| 2mal |l a

@]

fal al

f 2al al

|

-]

[oNeR--No!

C

21 al

[ al |l

wZ | =

| w2 | 2|

o | =

OROR--N-"]

R

| o X |

ggl gl 11 al I

| maZ2aw

|

[oNQR-N-~

| 1 21 ma

| ol

| wwZ |

fal al

|

[oNe!

| mamwm ] B

2l g+&lall

(oM@

| | » &

[oNe!

|2l =l =l | lal | 2ma



Table 18. Summary of Trichoptera species reported between 1981 and 1991 in Madera, Fresno, Tulare, and Kermn

Counties—Continued

Taxa

Altitude, in feet above sea level

700- 1,400- 2,100- 2,800~ 3,500~ 4,200~ 4,900- 5,600- 6,300- 7,000~ 7,700-
1,400 2,100 2,800 3,500 4,200 4,900 5,600 6,300 7,000 7,700 8,700

8,700+

Lepidostomatidae:

Lepidostoma baxea......................
Lepidostoma calensis.......

Lepidostoma cinereum
Lepidostoma mira........................
Lepidostoma podagerum .............
Lepidostoma rayneri....................
Lepidostoma rodfi........................
Lepidostoma unicolor..................
Lepidostoma velada.....................

Limnephilidae:
Amphicosmoecus canax
Apatania sorex.................
Chyranda centralis..........ceuvevnn.
Clostoeca sp. OF SPP......c.cccueuennnn.
Cryptochia denningi
Cryptochia excella.......
Desmona mono............
Dicosmoecus gilvipes ..................
Dicosmoecus pallicornis..............
Ecclisomyia conspersa
Ecclisomyia simulara.......
Hesperophylax incissus
Homophylax nevadensis ..............
Lenarchus brevipennis.................
Lenarchus rillus ...
Limnephilus aretto................cc....
Limnephilus bucketti....................
Limnephilus frijole......................
Limnephilus morrisoni.................
Limnephilus peltus
Limnephilus secludens.................
Neophylax occidentis...................
?Neophylax rickeri......................
Oligophlebodes sierra..................
Onocosmoecus sequoiae
Onocosmoecus unicolor
Pedomoecus sierra.......................
PPRIlarctus Sp. ....cceevcvevnineiinnnns
Psychoglypha bella......................
Psychoglypha mazamae
Psychoglypha new sp...................

Odontoceridae:
Marilia flexuosa...............couuvuen.
Namamyia plutonis......................
Parthina linea..............c...cceene.

Sericostomatidae:
Gumaga griseola or nigriola.......

Helicopsychidae:
Helicopsyche borealis..................
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Table 18. Summary of Trichoptera species reported between 1981 and 1991 in Madera, Fresno, Tulare, and Kern

Counties—Continued
Altitude, In feet above sea level
Taxa 100- 200- 700- 1,400- 2,100- 2,800- 3,500~ 4,200~ 4,900- 5,600- 6,300- 7,000~ 7,700- 8700+
200 700 1,400 2,100 2,800 3,500 4,200 4,900 5,600 6,300 7,000 7,700 8700

Calamoceratidae:

Heteroplectron californicum........ — R — + R M R R R R — — —
Leptoceridae:

Ceraclea tarsipunctata................. R R R — — — — — — — — — —

Mystacides alafimbriata................ — M C + M M M - R R — - —

Nectopsyche gracilis .................... M C C + C — R — R — — - —

Oecetis avara or New sp............... R R C + C C C M C M - - -

Oecetis inCONSpicud...................... M M R + R M C M — R — R —

Triaenodes tardus — — — — R — — — — —_ — — —

Triaenodes (Ylodes) sp. ................ — R — — — — — — — — — — —
Total SPECIES......coveerrermeerrerererieneanes 14 50 66 59 66 59 71 78 64 58 61 51 —
Total species, including species in

both adjacent zones..................... —_ 51 70 70 72 68 80 79 66 67 66 51 —

Total species = 142

82

1Captured only in low-elevation canyon areas.
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Table 19. Benthic algae reported from waters of the San Joaquin-Tulare Basins study unit
[do and Do, ditto; ?, tentative identification; I, new species not formally described]

Taxa Drainage Literature cited
Cyanophyceae (blue-green algae) .........c.cocoevevevereriecvurnons Kesterson Reservoir. Lawrence Berkeley Laboratory (1987).
OSCIlAIOTIA SP. «.ovvnveereriiecaeriiicvtinreisestiessiscensnsssssssesenns Kaweah River........... Federal Water Pollution Control Administration (1969).
Tulare Basin ponds... Parker and Knight (1989).
SPITULING SP. oottt ras et ees asans L [+ DT Do.
Chlorophyceae (green algae) .... Kesterson Reservoir. Lawrence Berkeley Laboratory (1987).
CarteriQl SP. ......cevvvererevireriresireereseisasnnnns ... Tulare Basin ponds... Parker and Knight (1989).
Dunaliell@ sp. ...t e do Do.
GlOECYSEIS SP. cevvoneeeriirecrinisiestiinecneretssstssee e sessassessssssseneres svess do Do.
GONIUIT SP....oevererreenricsieresirscssessessssesessassesnsssssssnesessssesesseses  aseses do Do.
OCAOGONIUIMN SP. ........cvecveirireeeerrieniarisseesesssssssissasssssestaseares seinas do Do.
Prasolith SP. .c...c.uveueeveeeeeeieeetsseteieee et essesstesas s saeneen Kaweah River........... Federal Water Pollution Control Administration (1969).
?Pseudulvella sp Do.
SPITOGYTA SP.c.vvveeviveieicteseiesresssissteesiisissistestesassassssesessesns vesas Do.
StiZEOCIONIUM SP......covveeerrceenitirrir ettt Parker and Knight (1989).
Tetraselmis sp. ..... Do.
ZYGNEMUA SP. ..c.veerereeesirrierresiseissssassessessssssessassasinssesssssassonse Kaweah River........... Cooper and others (1988).
UIOLRTIX SP. ..oeeeieereeeeteresteceresiee e ese e s ensetessssesesvasees senond (s TOUUUR Federal Water Pollution Control Administration (1969).
Bacillariophyceae (diatoms):
ACHRANTINES SPP. ....veeevereicreniiesesreeeeee et sss s ssscssssess sesens do Melack and others (1987).
Achnanthes austriaca Hust. v. austriaca Do.
Achnanthes austriaca v. hevitica Hust......... Do.
Achnanthes bioreti Germain v. bioreti..... Do.
Achnanthes lancenlata...................uu...... Federal Water Pollution Control Administration (1969).
Achnanthes levanderi Hust. v. levanderi................coovvuee ... Melack and others (1987).
Achnanthes marginulata Grun. v. marginulata.................. ... do Do.
Achnanthes MINULISSIMA ...............ccceeeeresiserensrereereisinneass eveus do Federal Water Pollution Control Administration (1969);
Cooper and others (1988).
Achnanthes 42 SN F..uee oot seeesiees aevaes 14 s TRTRUOUUOR Melack and others (1987).
AMPROTA SP. ..ot ctse s eessesassecsaene Tulare Basin ponds... Parker and Knight (1989).
Anomoeneis serians v. brachysira (Breb. ex Kutz) Hust... Kaweah River........... Melack and others (1987).
Caloneis bacillum (Grun.) CL. v. bacillum................ccoer. ... {14 JOURUSTORUURUPO Do.
CerQIONEIS AICUS ........ceeveeceereeneeirrersieecservesteesasseeessessesnise aeeaes [+ JORTUORI Federal Water Pollution Control Administration (1969).
Cocconeis sp............... ... Tulare Basin ponds... Parker and Knight (1989).
Cocconeis placentula.. . Kaweah River........... Federal Water Pollution Control Administration (1969).
COSCINOAISCUS SP. ...ttt et enens Kesterson Reservoir. Lawrence Berkeley Laboratory (1987).
Tulare Basin ponds... Parker and Knight (1989).
CYCIOTEIIA SP. ... ere e sesresaeres avver 14 s TR Do.
CYLNATOTRECA SP. .......coovveevericrerrrsieescsisrenn e s e ssies sevans do...ccenenene. Do.
CYMBEIIA SP. ettt ettt ee eaeaas do..ccceennn Do.
Kaweah River.. Melack and others (1987).
Cymbella ffinis ............ccvveevveeinieierirnieseeesssssseeesrees ena [ [+ JORROUOORRORON Federal Water Pollution Control Administration (1969).
Cymbella cesatti (Rabh.) Grun. ex A.S. v. cesatii § .......... ...... dO.eeieereereene Melack and others (1987).
Cymbella falaisensis (Grun.) Kramer & Lange-Bertalot ... 41+ JOUUTUTUR Do.
v. falaisensis.
Cymbella gaeumannii Meist. v. gaeumannii ......... Do.
Cymbella hebridica Grun. ex. C1. v. hebridica Do.
Cymbella hebridica 1-NE & ............c.coovorvmvmverrncerciieces e Do.
Cymbella lunata W. Sm. v. lunata...........oeeceuvvevcccvens cen Do.
Cymbella minuta Hilse ex. Rabh. v. minuta..........cccccoeeeee. Do.
Cymbella minuta v. silesiaca (Bleisch ex. Rabh.) Reim.... ...... 4 [+ TR Do.
Cymbella SINRUGLA ...........cccueeeoeieiieceeiniereecieieseeseneseeene vras [ s TOUP Federal Water Pollution Control Administration (1969).
Cymbella ventricosa... Do.
Cymbella 6 SN % Melack and others (1987).
Diatoma anceps (Ehr.) Kirchn. v. anceps .........cocvcvcvvcee e Do.
Diatoma hiemale...................cournveecineeinnnnicineneiieniens e Federal Water Pollution Control Administration (1969).

Diatoma hiemale v. mesodon v. mesodon (Ehr.) Grun Melack and others (1987)
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Table 19. Benthic algae reported from waters of the San Joaquin-Tulare Basins study unit—Continued

Taxa Drainage Literature cited
Bacillariophyceae (diatoms)—Continued:
ENtOmoneis SP. .......cccvueieeerierenineiereserceeeneeseeestesee e senee s Tulare Basin ponds ... Parker and Knight (1989).
Eunotia curvata (Kutz.) Langerst. v. curvata.. Kaweah River ........... Melack and others (1987).
Eunotia curvata 1 SN (indentata) f.......coueeevennne Do.
Eunotia denticulata (Breb.) Rabh. v. denticulata... Do.
Eunotia exigua (Breb. ex. Kutz.) Rabh. v. exigua............. Do.
Eunotia incisa v. 2 PIRLA ............ocoevevnreeieinrncenirinenne Do.
Eunotia meisteri Hust. v. meisteri ................ Do.
Eunotia pectinalis v. minor (Kutz.) Rabh Do.
Eunotia spp........ccvvvevvennncnienienicinniisnenn Do.
Eunotia tenell ..................cccocovvoenniniiiccncnicccennns Cooper and others (1988).
Eunotia tenella (Grun.) A. CL. Eu. f v tenella.................. Melack and others (1987).
Eunotia vanheurckii v. intermedia (Krasske ex. Hust.) Patt Do.
Eunotia 2 PIRLA §.......oooeeeveeeeeeecveeeesseeeaese e Do.
Eunotia 2 SN T ..o esa e seseens Do.
Eunotia 4 SN T .ottt seesvevesse e nen Do.
Eunotia 12 SN % c.....ooveeeeeeeeeeeesreeets e Do.
Eunotia 15 SN ¥ ... Do.
Eunotia I9 SN F et Do.
Fragilaria vaucherige ................ooouvvvvereerenvecennrnnneinrecans Federal Water Pollution Control Administration (1969).
...... do....... ... Cooper and others (1988).
Fragilaria vaucheriae (Kutz.) Lange-Bertalot ..., {4 1o SO Melack and others (1987).
V. vaucheriae.
FruStulict SPP. .cevvveveeeerereeeeenetisie s vsesse s eseaseeaasneeaes Do.
Frustulia rhomboides v. crassinervia (Breb. ex. W. Sm.) Do.
Ross.
Frustulia rhomboides v. saxonica (Rabh.) De T............... ... dO e Do.
Gomphonema olivaAcetm...................ueeeeveervevvireereceirirenee cvenes 14 [0 YT Federal Water Pollution Control Administration (1969).
Gomphonema puiggarianum v. aequatorialis (CLy ... dO e Melack and others (1987).
Camburn.
Gomphonema subclavatum ..............cccovevvererrereconnnenenn. Cooper and others (1988).
Gomphonema 3 SN } . Melack and others (1987).
Gomphonema 15 SN Tu....oeecevreecreireceeieenrcieseesieeeeeeens Do.
Gomphonema 35 N f...eeeceeeeeecveereeeseeeetese e Cooper and others (1988).
GYTOSIGMA SP.cc.oneveeieiriecie s cseeseses e sessse e Lawrence Berkeley Laboratory (1987).
Tulare Basin ponds ... Parker and Knight (1989).
Melosira lirata (Ehr.) Kutz. v. lirata............uoeeeeevnnennne. Kaweah River ........... Melack and others (1987).
Melosira 1 PIRLA K.........ooveeiiecerieecenesieresecresieiens Do.
Melosira 1 SN ...t Do.
Melosira 3 SN f....ooveriveeveninceininiecereesesenne Do.
Meridian circulare (Grev.) Ag. v. circulare ... Do.
NAVICUIA SP. ...ttt Lawrence Berkeley Laboratory (1987).
Tulare Basin ponds ... Parker and Knight (1989).
NAVICUIA SPP.. ...ttt Kaweah River........... Melack and others (1987).
NGVICUIA CANALES...........ccouoeueeeeeeivieeceeceeeeeieeeineeviseesnee veeens@0 i eeeeeireenns Federal Water Pollution Control Administration (1969).
NAVICUIA CINLA .....eoeeevereseererecrveccnirnnnsesneinnrenneensessenees oreeedO tivvviivereenenennen Do.
Navicula cryptocephal..............eeevvvvivencicniinnennceniee veeeedd0 e, Do.
Navicula exiqUa..............c.couveeeeeeeierereeeeee s Do.
Navicula heimansii van Dam & Kooijman v. heimansii =~ .....d0 .o.coevvvecerrnneenn. Melack and others (1987).
PIRIA %.
Navicula mediocris Krasske v. mediocris ........evericee eraed@0 ovinnvennreenneees Do.
Navicula radiosa Kutz. v. radiosa............couoeevuervevnnnnnn. Do.
Navicula radiosa v. parva Wallace..........ccccoevreereeerevinnns Do.
Navicula tenelloides ...............ueeceveeeveeeeeeeieccnccninesnin cerend@0 e, Federal Water Pollution Control Administration (1969).
Navicula tenuicephala Hust. v. tenuicephala.................... ek woveveevercccnnas Melack and others (1987).
NVICUIA IFIPUNCIALA..........oveeevvereriiverereereesecesseeisens sevens do...... ... Federal Water Pollution Control Administration (1969).
NavIcula 13 SN Fu...ooeeoeeeeiiiieeieeeeeeeeeceeesie e seie aeeans [ L TR Melack and others (1987).
NavIcula 22 SN F.oconenveceeeececntse e crereeeesresreseeseees sreens O e Do.

84 Aquatic Biology of the San Joaquin-Tulare Basins, California: Analysis of Available Data Through 1992



Table 19. Benthic algae reported from waters of the San Joaquin-Tulare Basins study unit—Continued

Taxa Drainage Literature cited

Bacillariophyceae (diatoms)—Continued:

Navicula 23 PIRLA % Melack and others (1987).

Navicula27 SN § ........ Do.

NAVICula 47 SN T ..ot vssen s teend Do.

Neidium affine (Ehr.) Pfitz. v. affine” ........cccooovvvvvivcivns e do Do.

Neidium bisulcarum (Lagerst.) Cl. v. bisulcatum.............. ... do Do.

Neidium I SN §.....oocooiioeiieeeeeee e eiees eenees do Do.

Neidium 2 PIRLA ...t cnnie vaeens do Do.

NIEZCRIA SPP. covvevecveeeererieiesrssesseseesestee s esreseesessssssreress setens do Do.

Nitzehia MPRIDIQ................ccooveereeeceeeeeereeeeeeeseereeeisane e [ (o JUURUUO Federal Water Pollution Control Administration (1969).
Nitzchia frustulum 3 SN .c.ooouevceneiniiirneccsiceennie e Ao, Melack and others (1987).

NtZChi@ RYDrida ...........covoeeveiiiieiniiciesecrineeeiseeieenens Tulare Basin ponds... Parker and Knight (1989).

Nitzchia paleq..............ueeeeveeerenereeesceeneeseneeesenes Kaweah River........... Federal Water Pollution Control Administration (1969).
Nitzchi@ PALEACEA ... e reead 3 1 T Do.

NUZCRIA SIGMQA ..t ee s sans Tulare Basin ponds... Parker and Knight (1989).

Nitzchia sublinearis.... Kaweah River........... Federal Water Pollution Control Administration (1969).
NtzZCRIQ VItPea...........coueeeiiiiiicc e Tulare Basin ponds... Parker and Knight (1989).

NIEZCRIA S SN F oottt Kaweah River........... Melack and others (1987).

NItZChi@ 6 SN ..ottt ees e eaeas araea Do

NItzchi@ QSN T .ot aeiene ovvne Do

Nitzchia 15 SN 1 Do

Pinnularia SPp. .....ccccoeeeeveeececenneneceennnneseessnsesinnsness eriene [ 10 TR Do.

Pinnularia biceps Greg. v. DiCeps.......uuucueeveviviecneseieenes vvens Do

Pinnularia biceps v. 1 PIRLA § ............c........... Do

Pinnularia borealis v. rectangularis Carlson Do.

Pinnularia cf. braunii v. amphicephala f. subconica Do.

Venkataraman PIRLA i ..........cccooveecoviivinininnneininneiies seens Do.

Pinnularia divergens W. St v. divergens.......c..couceevies cunens Do.

Pinnularia divergentissima (Grun.) Cl. v. divergentissima Do.
Pinnularia cf. pseudomicrostauron Gandhi Do.
v. pseudomicrostauron PIRLA %.
Pinnularia QSN F...oocuvoeeeeeeeeeeeeeeeeeeceeee e eeeeeeeee venes Do.
Pinnularia 15 SN §oeoeoeveeeeoevieeeeeiieeesenens Do.
Pinnularia I9 SN ¥ ... Do.
Pinnularia 45 SN Eo.uo.eeeeeeeeeeeeeee et ceties areea Do.
RAPRONEIS SP....vcevevceeiiiesreisiece e s enresee s ssanins Tulare Basin ponds... Parker and Knight (1989).
Rhicosephenia curvata ... Kaweah River........... Federal Water Pollution Control Administration (1969).
StAUTONEIS 2 SN Fuooeeeeeeeeeece e e Melack and others (1987).
Stenopterobia intermedia (Lewis) V.H. v. intermedia Do.
Surirella delicatissima Lewis v. delicatissima................... ... Do.
SUFITEIIA SP..c.ceeeiiicccce e Tulare Basin ponds... Parker and Knight (1989).
Surirella delicatissima f. tenuissima Mang, ... ... Kaweah River........... Melack and others (1987).
SYREATA SP.cc.veeieerereeerseiet et sne Kesterson Reservoir. Lawrence Berkeley Laboratory (1987).
Tulare Basin ponds... Parker and Knight (1989).
SYREAra UlNQ..........ocoveeeeiiiieireereeeeete e Kaweah River........... Federal Water Pollution Control Administration (1969).
Synedra Vaucheriae .................ocveiveenvecrecsincreinisiesenes sveees Do.
Tabellaria flocculosa (Roth) Kutz. strain IV sensu Koppen Melack and others (1987).
Unidentified pennate diatoms...........c.ccoeverurivereinnninveiniees ceeees Do.
Taxon SN i#:
Cymbella failaisencis or Gomphonema 35 N)............ccccc. ... (4 s TR Cooper and others (1988).
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Table 20. Phytoplankton taxa collected at four stations in the San Joaquin-Tulare Basins study unit

[The number of calendar years in which a genus was dominant (215 percent of the total cell count) in at least one sample out of the period of record is noted
(for example, 1 of 8). x, taxa present; —, taxa absent]

Taxa San Joaquin River Mokelumne River K;';?;\T::;,Te':r Kern River near
near Vernalis at Woodbridge Trimmer Kernville
Aug. 1974 to Oct. 1974 to Mar. 1978 to Mar. 1978 to
Period of reCOrd......covirvrveeevrenrineicrirecrinsreens Sept. 1981 Sept. 1981 Sept. 1981 Sept. 1981
Altitude, in feet above sea level...................... 0 149 942 2,622
Number of samples per year ...........c.ccceurneenncn. 5-13 3-12 5-9 5-8
Chlorophyta (green algae):
Chlorophyceae:
Chlorococcales:
Characiaceae:
Schroederia .............ueeeveneininennnn. X X — —
Chlorococcaceae:
ChlorococCumt .............oueeeeueecneeeneiinns X — — —
Coelastracea:
Coelastrum ...........oveevevveeenevieieerennnnnn X X — —
Hydrodictyaceae:
Pediastrum ............ueoveeecveeeienecernnn, X X —_ —
Micractiniaceae:
Golenkinia........uuuueervereeeeeevereveeeirinnns X X — —
Micractinium 1of 8 X — —
Oocytstaceae:
AnkiStrodesmus...............cucvcvvevevrenenns X X 1of4 1of4
Chlorella........neeeeerevecnereieeeeresiiviinns X X X X
Chodatella..... X — — —
Closteriopsis............ X — — —
Dictyosphaerium ..... lof 8 20f 8 — 1of4
Francei..........ueceevueeeereceeseseenans X X — —
Kirchneriella X X X X
Nephrocytium . X — — —_
OO0CYSLIS ....ooveecnrenn, X l1of 8 X X
Quadrigula............... X X — —
Radiococcus X — — —
Selenastrum X X — —_
Tetraedron X X — —_
Treubaria...........uveeeevvveeerveeeeresreneannen X —_ — —
Westella .......ouvuveeveececinieriereeiesnernesanns X — — —
Scenedesmaceae:
Actinastrum X X — 1of4
Crucigenia........ 10of8 X — 1of4
Scenedesmus 30f 8 40f 8 20f4 1of4
Tetrastrum ..........eeeecveenreereeeineereesnns X 1of8 —_ —
Tetrasporales:
Coccomyaceae:
Dispora...............unieensrnsiniienenns — 1of 8 —_ —
ElakQtOthrix .....coveuveeeeeeeeneeeceeneenerienennns — X — —
Palmellaceae:
GIOECYSHIS ..evveeieeerienrerscrreersesseens X — — —
SPRAEIOCYSHiS........oceoeeevrrereveiirirnerenns X X 20of 8 20of4
Tetrasporaceae:
Tetraspora ........ueeeeecueerivinniincsnnenes — X — —
Ulotrichales:
Chaetophoraceae:
Protoderma.................ueeeeeerivrennnns X — 1of 4 —
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Table 20. Phytoplankton taxa collected at four stations in the San Joaquin-Tulare Basins study unit—Continued

Taxa San Joaquin River Mokelumne River K'::?;‘F::i:f;,:ee':y Kern River near
near Vernalis at Woodbridge Trimmer Kernviile
Chlorophyta (green algae)—Continued:
Chlorophyceae—Continued:
Ulotrichales—Continued:
Chaetophoraceae—Continued:
Stigeoclonium ............cocevcevccreneeecnn. — — 1of4 1of 4
Ulotrichaceae:
SHCROCOCCUS ..eeeeeeeeveeeeeeeeeeecrreeneenn X X — —
[8]1517 7 2 USSR 1of8 X — X
Volvocales:
Chlamydomonadaceae:
CATLETIA ooveveeeereivreeveenvieereesrrereeresenens X X —_ —
Chlamydomonas .... X 1of8 20f4 X
Chlorogonium.................oevoceennuennns X — — -
Volvocaceae:
Eudoring........euuvevvnvereceeiessiseseenanns — X —_ —
Gonium ........ X X — —
Pandorina X 1of 8 — —
Zygnematales:
Desmidiaceae:
Closterium X —_ X lof4
Cosmarium X X — —
Euastrum.........oeeeveiveneieceeeecireneeeens —_— X — —
Micrasterias.......ueeeveecevvvevevvrncceennenns — X — —
StAUIASTIUM «.c.vveeveneeeeenvreeacrreeenas — X X —
Mesotaeniaceae:
GONALOZYGON.c.uvnveeurareiririrrireansresrensonee — X —_ —
Zygmataceae:
Mougeotia...........ceovreeeeecenerircrennnen. X X — —
Chrysophyta (yellow-green algae):
Bacillariophyceae:
Centrales:
Anaulaceae:
Terpsinoe. ...........ccoevveevverveercerinreereeneens — X — -
Chaetoceraceae:
ChAetoCerOsS ...ccuvevveveeveercnrsveesveeisnna X — — -
Coscinodiscaceae:
CyClOtel@.......oouvveeeeseeevecreeerevesrsveneernns 8of 8 7of 8 X lof4
Melosira 60of8 7of8 30f4 X
Skeletonema.............o.coveveeeeveeeeiiennnnans X 1of8 — —
Stephanodiscus ...........owevevveverreceerenns X X — 1of 4
Pennales:
Achnanthaceae:
ACRRANINES.....coeeeveeevivrerecrecrccrerinens X 30f 8 4of 4 1of4
COCCONEIS.......cvveveeveererirenereecrrarreerannns X X X X
Rhoicosphenia................ccuueeuneenene. X X X X
Cymbellaceae
Amphora......... X X — X
Cymbelia..... X 20f 8 40of 4 30f4
EDithemia........ccocvevvneereenineeesineennanes X b3 X 20of 4
Rhopalodia ..., X X X X
Diatomaceae:
Diatoma..............ouuvvvcviiiecniirirenanne. X X X X
Eunotiaceae:
Ceraroneis........cuecveveeeueccviivnsreneessnens — — X X
Eunotia X 1of 8 X 1of4
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Table 20. Phytoplankton taxa collected at four stations in the San Joaquin-Tulare Basins study unit—Continued

San Joaquin River Mokelumne River Kings River below Kern River near
Taxa near Vernalis at Woodbridge North Fork, near Kernville
Trimmer
Chrysophyta (yellow-green algae)—Continued:
Bacillariophyceae—Continued:
Pennales—Continued:
Fragilariaceae:
Asterionella ............ooocoviinvreiiirniearnnnn X 1of8 X —
Fragilaria...........oceonenenccnessnneieans 30f8 60f 8 X 20f4
Hannaeq .............uueeeeeevnieeccinecnecvennns —_ X l1of4 1of4
SYNEdra......ccuceoueeeieeneieeeenecreneene X 20f 8 30f4 3o0f4
Gomphonemataceae:
GOMPHONEIS.....ouovreeerariireeeenrrrarenrenanenns — — — 20f4
Gomphonema................ccoueececenrceaennnne X X 20f4 30f4
Meridionaceae:
Meridion......ccvveeevcceinnnireeceiiiececcnnn — X — X
Naviculaceae:
ANOMOCONEIS .....c..vveeevaecvereecirarerraarinees X — — —
CalONEIS..ocevvereeneeenrecrrererereee e X —_ X X
DiplOReEis .....ccvceevvivuniinrieesceniceccnnenns X X — X
Entomoneis.... X — — —
Frustula.......ueoeneeeeeeneeeeencvenivsnncencnnns — X — —
GYTOSIGMA ...vvverurrevrirrarerieeeearieeneecenees X — — —
NAVICUIA «.coovvveievcvrereeieireeenriieneessenaen 1of 8 40f 8 30of4 1of4
NEIdIUM «....ecccvivieceieeeeeeeeeceeee X — 1of4 —
Pinnularia X X — 20f4
Stauroneis X X — —_
Nitzschiaceae .......cccceeeecviviieicereveencnnnn,
Denticula....... X — — —_
Hantzschia — X X —
NUZSCRIA c....ooeeeveeeveececeerieesireee e 20f 8 40f 8 20f 4 20f4
Surirellaceae:
Cymatopleura................eveununncnnne, X — — —
SUFIFEllA. ..o X X — —
Tabellariaceae:
Tabellaria .........covcvuervecrevrenenienvennnsen X 1of 8 20f 4 —
Xanthophyceae:
Mischococcales:
Sciadaceae:
Centritracts ...........oocecuveeeveeeceeeeieeaenens X — —_ —
Chrysophyceae:
Chromulinales:
Chromulinaceae:
CRIYSOCOCCOUS ...ooeeerrireaereraiaanarararnnns — X — —
Mallomonadaceae:
Mallomonas.............cueveevcvneienivesnninens — X — —
Ochromonadaceae:
Dinobryon..............eeverceecnciininnnens — X —_ —
OCRIOMONGS ......vvenvireeireenreeiinriressinenas X X — —
Cryptophyta:
Cryptophyceae:
Cryptomonadales:
Cryptomonadaceae:
CIYPIOMONAS .....vcvvererecrrrenrirececrensenenns X X — —
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Table 20. Phytoplankton taxa collected at four stations in the San Joaquin-Tulare Basins study unit—Continued

Taxa San Joaquin River Mokelumne-River K'i‘r;gtshF::i;::’b:;:r Kern River near
near Vernalis at Woodbridge Trimmer Kernville
Cyanophyta (blue-green algae):
Cyanophyceae:
Chroococcales:
Chroococcaceae:
Agmenellum............ccconinecccrcncennn 50f 8 X X —
ANACYSHS ...ooovecnnrireeiririrassiseacissiennsensanss 7of 8 60of 8 10of4 —
Coccochloris.......... e —_ X — lof4
GomphosSphaeria .............c..covcceerinnae 1of 8 X — —
Oscillatoriales:
Nostocaceae:
Anabaend............oooeeerviercnicneeareninans 3of 8 1of 8 1of4 X
ANabaenopsis...........couvecnnecrnricnnanes X — — —
Aphanizomenon .................c.cceeceseenne. 1of 8 X — —
Oscillatoriaceae:
Lyngbya......ccoveinieciienee s 1of 8 30f8 1of4 X
Oscillatoriau.......eeccceiceineciiennnne 7 of 8 7 of 8 20f4 3of4
SCRIZOTAFIX ...v.coecvvieereeerieeeeeee e X : — X —
Rivulariaceae:
Gloeotrichia.... X — - —
Raphidiopsis ........c..cceevevecceincevenrennne —_ X X —
Euglenophyta (Euglenoids):
Cryptophyceae:
Cryptomonidales:
Cryptochrysidaceae:
CRroOmonas. .......c.coueeevveveesecivcacnnenns X —_— — —
Cryptomonodaceae:
CrypIOMONGS. .....vvevecvverraeirerivisvinnroinnas X X — —
Euglenophyceae:
Euglenales:
Euglenaceae:
Euglenq...........uoeeerninceicennininiecanns X X — X
PRACUS ....ocuverairinienieecnaeeerasaesenanenns X — — —
Trachelomonas ..............ooccecvveveunencnns X X X X
Pyrrhophyta (fire algae):
Dinophyceae:
Dinokontae:
Gymnodiniaceae:
Gymnodium...........ceeeeeecreconecerninnnnn — X — -
Peridiniales:
Ceratiaceae:
Ceratium..........cuveeecrenrieceercnnernenennns — X — —
Glenodiniaceae:
Glenodinium ..............coooeceevvnevcunnennnns X X — —
Peridiniaceae:
Peridinium...........ccovovevecevnccennennennne. X X — —
TOtAl ZENETA .....vvvereererrrirrensseressreesseeseanesanes 90 85 41 43
Total number of dominant genera .................. 17 23 20 24
Total genera from all locations....................... 113
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