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Fgure 1 
SACRAMENTO-SAN JOAQUIN ESTUARY 

Maptud from Sweetnam and Slwerm 1893. 



Chapter 2 

BASIC BIOLOGY AND LIFE HISTORY 

Taxonomy 

elta smelt (Hypomesus transpacificus) are 
lender-bodied fish that typically reach 60-70 
m standard length (SL), although a few may 

each 120 mm SL. The mouth is small, with 
maxilla that does not extend past~the mid- 

oint of the eye. The eyes are relatively large, 
ith the orbit width contained approximately 
.5-4 times in head length. Small, pointed 

t eth are present on the upper and lowerjaws. I 
first gill arch has 27-33 gill rakers and 
are 7 branchiostegal rays. The pectoral 

less than two-thirds of the way to 
of the pelvic fins. There are 9-10 

8 pelvic fin rays, 10-1 2 pectoral 
7 anal fin rays. The lateral 
and has 53-60 scales along 

e 1' 

ive fish are nearly translucent and have a 
teely-blue sheen to their sides. Occasionally 

t ere may be one chromatophore between 
t e mandibles, but usually there is none. i 

Ita smelt have been described by Moyle 
1 (1989) as follows: 

other members of the Osmeridae family, 
an adipose fin and have a 

ers when fresh (Moyle 

ti1 1961, the delta smelt was considered to 
same species as the widely distributed 
smelt (Hypomesus olidus). Under this 

tion, pond smelt were introduced in 
om Japan into several California lakes 

eservoirs as a forage fish for trout (Wales 
. Delta smelt and pond smelt were first 

ed as distinct species by Hamada (1961, 
d by Moyle et a1 1989). The delta smelt 
ined H. olidus, while the pond smelt was 

renamed H. sakhalinus. A few years later, 
McAllister (1963) determined that H. olidus 
was not present in California waters and named 
H. transpacrficus, which he described as having 
California (H. t. transpuczficus) and Japanese 
(H. t. nipponensis) subspecies. Further studies 
have shown these two subspecies should 
be recognized as distinct species: H. trans- 
pacificus, (delta smelt) and H. nipponensis 
(wakasagi) (Moyle 1980). Results from recent 
electrophoretic studies indicate that delta smelt 
and wakasagi are distinct species (Stanley et a1 
1993). 

Life Cvcle 

The delta smelt is a euryhaline species found 
only in the Sacramento-San Joaquin Estuary. 
Much of the information available on the life 
history of delta smelt has been derived from 
the sampling programs descriied in Chapter 3. 
Delta smelt commonly occur, presumably in 
schools, in the surface and shoal waters of the 
lower reaches of the Sacramento River below 
Isleton, the San Joaquin River below Moss- 
dale, through the Delta, and into Suisun Bay 
(Moyle 1976, Moyle et a1 1992) (refer to Fig- 
ure 1). Delta smelt have been found as far 
upstream on the Sacramento River as the 
mouth of the American River (Stevens et a1 
1990). In high flow years, delta smelt may also 
be washed temporarily into San Pablo Bay, as 
in the winter of 1992-93 (D. Sweetnam, pers 
comrn, cited by Moyle et a1 1993). When not 
spawning, they tend to concentrate just up- 
stream of the entrapment zone (described in 
Chapter 5; Moyle et a1 1989). When the entrap- 
ment zone is in Suisun Bay and both deep and 



shallow water exists, delta smelt are caught 
most frequently in shallow water (Moyle et a1 
1992). More information on the geographic 
distribution of delta smelt under high and low 
outflow conditions can be found in Chapter 5. 

Adults migrate in winter and spring from 
brackish water to fresh water, where they 
spawn from about February through June 
(Wang 1986). Ripe female smelt have been 
collected as early as December and into April,. 
but are most abundant in February and March 
(Moyle 1976). Data for 1989 and 1990 indicate 
spawning occurred from mid-February to late 
June or July, with peaks in April and early 
May (Wang 1991). Past research indicates an 
almost complete spawning failure is possible in 
some years (Erkkila et a1 1950, cited by Sweet- 
nam and Stevens 1991). 

Wang (1991) suggests the long spawning 
season (at least 4 or 5 months) indicates delta 
smelt may spawn more than once during the 
spawning season, or individuals may mature 
at different times and spawn only once. Based 
on findings by Moyle et a1 (1992), the latter may 
be more likely. Eggs removed from females 
collected in mid-January and early March 
1973 were about the same size in each ovary, 
indicating each fish probably spawned over 
a relatively short period. If delta smelt were 
multiple spawners, eggs would be at various 
stages of development and size. Also, since 
collections were made a month and a half 
apart, individuals may mature at different times 
during the spawning season. Recent histo- 
logical analyses further support this spawning 
theory, because all the eggs develop synchro- 
nously (S. Doroshov, pers comm, cited by 
Sweetnam and Stevens 1993). 

Recent culturing efforts by BioSystems Analy- 
sis, Inc., and University of California, Davis, 
indicate spawning success in the laboratory 
appears to vary depending on whether fish are 
captured early or late in the season. Gonadal 

development occurs from October. to April, 
especially in March and April. Development is 
asymmetric, with the left gonad being consid- 
erably larger (Mager 1993). A ripe gonad may 
have 1,000-1,400 eggs. However, fertility and 
percent hatch ranged from zero to 80 percent 
and was poorer in late spring. In collections of 
adult fish, females were more common than 
males later in the spawning season (mid-April) 
(88.5% females, n=140) (Lindberg 1992). 

Moyle et a1 (1992) found no correlation be- 
tween female length and fecundity. Females of 
59-70 mm SL ranged in fecundity from 1,247 
to 2,590 eggs per fish, with an average of 1,907. 
Delta smelt fecundity is relatively low in com- 
parison to longfin smelt (Spirinchus fhaleich- 
thys), the other euryhaline smelt present in the 
Delta, which has fecundity of 5,000 to 25,000 
eggs per female (Moyle 1976). 

Spawning has been reported to occur at 
about 45 to 59 degrees F (7-15'C) in tidally- 
influenced rivers and sloughs, including dead- 
end sloughs and shallow edge-waters of the 
upper Delta and Sacramento River above Rio 
Vista (Radtke 1968, Wang 1986). Evidence of 
some spawning has also been recorded in Mon- 
tezuma Slough and, more recently, in Suisun 
Slough (P. Moyle, unpubl data). However, 
typical April-June water temperatures in the 
Delta are 59 to 70 degrees F (15-23"C), which 
are higher than the reported spawning range. 
Post-hatch larvae of 5.0 mm total length (TL) 

1 were collected in 1991 at 73 degree F water 
1 (22.8'C), while water temperatures for the pre- 

vious 7 to 14 days at the same location were 
69.5 to 70 degrees F (20.8-21.7'C). However, 
the larvae may have been spawned and car- 
ried in from an area of cooler temperatures 
(Sweetnam and Stevens 1991). 

Most spawning occurs in fresh water, but some 
may occur in brackish water in or near the 
entrapment zone (Wang 1991). The demersal, 
adhesive eggs sink and attach to hard sub- 



s tes, such as submerged tree branches and 
r s, gravel or rocks, and submerged vegeta- l ti (Moyle 1976, Wang 1986). 

atory observations indicate that delta 
re broadcast spawners that spawn in 

rent, usually at night, distributing their 
er a local area (Lindberg 1992, Mager 

). The eggs (1.0 mm) form an adhesive foot 
pears to stick to most surfaces. Eggs 
singly to the substrate, and few eggs 

e found on vertical plants or sides of the 
e tank (Lindberg 1993). Mager (1993) 

nd that larvae hatched in 10-14 days under 
ry conditions, with absorption of the 

-sac in 150 hours and of the oil'droplet in 
ours. Larvae began feeding on phyto- 
ton on day 4, rotifers on day 6, and Artemia 
ii at day 14. They did best on a rotifer diet 

day 10-15 but were not selective when fed 
xed diet. Little digestion was observed 
day 8. Lindberg (1992) found that hatch 
red at9 days, yolk absorption at 4 days 
hatch, exogenous feeding at 4-5 days 

st hatch, and oil globule absorption at 10 
ys post hatch (at 17 degrees C). 

wly hatched larvae are planktonic and drift 
wnstream near the surface in inshore and 

el areas to the upper end of the entrap- 
t zone (Wang 1986, Moyle ef  al1992). In 
laboratory, yolk-sac fry were found to be 
itively phototaxic, swimming to the light- 
corner of the incubator, and negatively 

oyant, actively swimming to the surface. 
e behavior of post-yolk-sac fry was more 

variable; they were more evenly distributed 
throughout the water column (Lindberg 1992). 

Juvenile and adult delta smelt commonly 
occur in the surface and shoal waters of the 
lower reaches of the Sacramento River below 
Isleton, the San Joaquin River below MOSS- 
dale, through the Delta, and into Suisun Bay 
(Moyle 1976, Moyle ef a2 1992). Growth is rapid 
through summer, with juveniles reaching 40 to 
50 mm FL1 by early August (Radtke 1966). 
Growth slows in the fall and winter, presum- 
ably to allow for gonadal development. Adult 
smelt reach 55 to 70 mm SL in seven to nine 
months, and those that survive spawning may 
grow as large as 120 mm SL (Moyle 1976). Most 
delta smelt do not grow larger than 80 mm FL 
(Moyle et a1 1992). The largest recorded smelt 
was 126 mm FL (Stevens et a1 1990). 

Length/frequency distribution of the short life- 
span of delta smelt indicates most fish live 
only one year and die after spawning (Stevens 
el a1 1990, Moyle et a1 1992); however, some 
do apparently survive for two years (Moyle 
1976). Recent culturing work indicates that 
after spawning, males die off more rapidly in 
May and June (Mager 1993). Smelt larger than 
50 mm FL become increasingly rare in March 
through June samples (Moyle et a1 1992), and 
by late summer, the young of the year domi- 
nate trawl catches (Moyle et a1 1989). There is 
generally an abrupt change from a single-age 
adult cohort during spring spawning to a domi- 
nance of juveniles in the summer (Radtke 1966). 

:. FL = Fork Length; SL = Standard Length; TL = Total Length. 



Chapter 3 
HISTORICAL ABUNDANCE AND DISTRIBUTION 

s have collected data on 
art of larger sampling pro- 

ed on specific spe- 
or salmon; others 

onitor fish populations in 
uring the past few years, sam- 
have been modified and ex- 

ally to provide more 

mation on delta smelt is included in data- 
the summer tow-net survey, fall 

ater trawl survey, Delta Outflow/San 
ay Study, Chipps Island trawl sur- 

seine survey, Suisun Marsh survey, 
lvage operations at the SWP and 
ugh these programs were not 
measure delta smelt distribution 

undance, the databases provide the best 
ation available on delta smelt abundance, 

n, and trends. Each sampling pro- 
has relative strengths and weaknesses, 

d with such factors as gear types 
net efficiencies), channel area sampled, 
1 timing of survey, and geographic 

covered. Although the size 'of the delta 
population cannot be accurately esti- 
from the available data, the data do 
indices of general population trends. 
shows trends in delta smelt popula- 

as indexed by the seven databases. This 
riefly describes each of the databases 

e observed trends. 

vide an abundance index for young striped 
bass. About 30 sites in San Pablo Bay and the 
Delta (Figure 3) are now surveyed for five days 
at 2-week intervals from June until the average 
size of young bass is 38 mrn, in July or August. 

Although the tow-net survey was primarily 
designed to sample striped bass abundance, 
data have also been collected on other species, 
including delta smelt. TWO to five sampling 
runs have been completed each survey year; 
for consistency, the database includes only the 
first two sampling runs of each year. Abun- 
dance indices for each sampling run are calcu- 
lated as the product of the total catch at each 
site and the estimated water volume (in aae- 
feet) for the site divided by 1000, a convenient 
scaling factor. A mean site index for the two 
sampling runs is calculated, with the annual 
Delta/Estuary index representing the sum of 
all sites (Stevens et a1 1990). 

The tow-net index is considered one of the best 
measures of delta smelt abundance, because it 
covers much of the species' habitat and repre- 
sents the longest historical record. However, 
the index may underestimate abundance in 
high flow years, when many fish are carried to 
San Pablo Bay (Moyle et a2 1992). Also, some 
potentially important habitat such as Cache 
Slough is not sampled. To maintain survey 
continuity with respect to the tides, additional 
stations were not added for areas such as Cache 
Slough. A larval purse seine has been added to 

1 1  1 I the study to sample this area, but results are 

Department of Fish and Game has con- 
ed the tow-net survey each summer since 
(except 1967 and 1968), primarily to pro- 

Summer Tow-Net Survey 
1991)~-so the size and assoaatedcatchability o j  
young fish by the onset of tow-net sampling 
may change from year to year. Increased 
mortality of early-spawned delta smelt could 

not yet available-~nother concern is that the 
timing of delta smelt spawning varies (Wang 
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Figure 2 
TRENDS IN DELTA SMELT POPULATIONS, AS INDEXED BY SEVEN INDEPENDENT SURVEYS 

Note thel ml all surveys were conducted in all years shown. 
Source: Sweelnarn and Stevens 1993, updated from Stevens ef a11990. 



result in an underestimate of year-class 
(Dale Sweetnam, pers comm). 

s of the summer tow-net surveys are 
arized in Figures 4 and 5. Abundance 

vary considerably but values have 
erally remained low from the 1980s until 

(Figure 4). The 1993 index is the highest 

since 1982, and delta smelt appear to be much 
more widely distributed than in recent years. 
The reduced population levels during the 1980s 
appears to have been consistent throughout 
the Delta and Suisun Bay (Figure 5), but 
declines may have occurred as early as the 
mid-1970s in the eastern and southern por- 
tions of the Delta. 

1 1  59 61 63 6s 67 69 71 73 75 77 79 81 83 8s 87 a9 91 a 
Year I 

1 J 

Figure 4 
DELTA SMELT SUMMER TOW-NET INDEX, 1959-1 993 

No Sampling in 1966 to 1968. 
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MEAN CATCH PER TOW OF DELTA SMELT, BY AREA, FROM THE SUMMER TOW-NET SURVEY 
Note dmerencm in the scale used br each area. Source: Sweetnamand Stwens 1993. 



Fall ~idwat'er Trawl Survey 

e 1967, the Department of Fish and Game 
onducted a fall midwater trawl survey to 

undance of striped bass and other 
survey area includes about 87 sites 

the Delta to San Pablo Bay (Figure 6). 
om1 stations have recently been added 
rove coverage for delta smelt, but they 

used to develop the index for delta 
eetnam 1992). Until 1980, the survey 

ate summer through the follow- 
Marchbut now is from September through 
ember. No sampling was conducted in 1974 
1979, nor in November 1969 and Septem- 
and December 1976. Additional months 
e included in 1991, 1992 (January to 
ch), and 1993 (January to August) to in- 
se sampling for delta smelt. 

Monthly delta smelt indices are calculated for 
17 subareas of the estuary as the product of the 
mean catch from each subarea and a weighting 
factor that is proportional to the estimated 
volume in each subarea. An a ~ u a l  index 
is calculated as the sum of monthly indices 
from each subarea from 'September through 
December. Missing data for 1969 and 1976 
were estimated from interpolation or extrapo- 
lation (Stevens et a1 1990). 

Abundance indices have also been developed 
using the surface area of each site rather than 
the volume. The rationale was that delta smelt 
frequently school near the water surface, so 
dividing by the total volume may not be an 
accurate indication of abundance, particularly 
when sampling in narrow channels. However, 
indices based on volume were similar to those 



developed by surface area, so the index 
remains based on volume (Dale Sweetnam, 
DFG, pers comm). 

The midwater trawl provides a good index of 
smelt abundance because it covers most of the 
range of delta smelt. However, the index is 
questionable as an actual measure of total 
population size. Samples are collected princi- 
pally from higher-velocity, midchannel areas 
and only during daytime, causing unquanti- 
fied levels of gear selectivity and sampling 
bias. As evidence, efficiency of the midwater 
trawl in catching delta smelt appears to change 
over the course of the year. Sweetnam and 
Stevens (1993) reported that the midwater trawl 
was about 2.6 times more effective at sampling 
striped bass than delta smelt in August 1991 
and 1.8 times more effective in January 1992. 
Hence, population size estimates by Stevens et 
al (1990) based on the ratio of delta smelt to 
striped bass in the fall midwater trawl are not 
considered accurate. Although the midwater 
trawl data do not produce satisfactory esti- 
mates of stock size, calculated indices remain 
reasonable evidence of abundance trends 
(Sweetnam and Stevens 1993). 

Results of the midwater trawl surveys are 
presented in Figure 2. While indices have been 
highly variable, abundance has usually been 
low since 1981, except in 1991, when the 
index was the eighth highest on record. Indi- 
ces were also low in 1967,1969,1976, and 1977, 
but they rebounded more quickly than in the 
1980s. Initial results from the 1993 survey in- 
dicate that the September index alone is 375, 
higher than the annual index for all years in 
the past decade except 1991. 

The midwater trawl also indicates changes in 
population distribution. Figure 7 presents dis- 
tribution trends for the eastern Delta, lower 
San Joaquin River, lower Sacramento River, 
Montezuma Slough/Grizzly Bay, eastern 
Suisun Bay, and western Suisun Bay In drought 

years such as 1976-1977 and 1987-1992, the 
population was concentrated in upstream 
channels in the lower Sacramento  rive.^ In 
wetter years, the population was more broadly 
distributed, extending into Montezuma Slough/ 
Grizzly Bay, eastern Suisun Bay, and occasion- 
ally western Suisun Bay. Initial survey d t s  
from September 1993 are consistent with ehis 
pattern. 

67 68 69 70 71 R ?3 74 75 76 77 78 W 80 81 82 83 84 85 86 87 88 89 90 91 92 

Year I 
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MEAN CATCH PER TRAWL FROM THE 
FALL MIDWATER TRAWL SURVEY FOR SPECIFIC AREAS OF 

THE SACRAMENTO-SAN JOAQUIN ESTUARY 
Source: Swwtnam end Slcwens 1983. 



Delta Outflow/ 
San Francisco Bay Study 

the Delta Outflow/SanFrancisco Bay 
e Interagency Ecological Studies Pro- 

has sampled 42 locations from South 
rancisco Bay to the western Delta. Catch 

t effort is calculated based on monthly 
ute net tows. The survey is conducted 

-round and reveals gross trends in fish 
invertebrate abundance. This study col- 

uvenile and adult delta smelt. 

or drawback of delta smelt data collected 
outflow/bay study is that the area east 
tioch is not sampled, so an important 

the species' range is excluded. Hence, 
igure 2 shows a dramatic decline in 
elt during the 1980s, the trend may be 

ely a result of an upstream shift in distri- 
on during the drought. 

I /  C h i ~ ~ s  Island Trawl Survev 

gency Program's annual midwater 
eys at Chipps Island, inupper Suisun 
imarily to capture released coded- 

-tagged salmon, but they also measure 
of outmigrating Chinook salmon. 

urvey has been conducted April through 
since 1976. Numbers of delta smelt cap- 
incidentally in the trawl are recorded, 

ing an index to be calculated based on 
1. The major deficiency with this 

is that only one location is sampled, so 
s strongly affected by changes in 
distribution Hence, the signi6cantly 

catch-per-trawl levels after 1986 (Figure 2) 
be partly a result of a distribution shift 

drought. An additional concern is 

that data are from relatively high-velocity, mid- 
channel areas, where delta smelt may not neces- 
sarily be abundant during April though June. 

Beach Seine Survey 

The Interagency Program has conducted a beach 
seine survey at 23 sites from the Delta and 
Sacramento River upstream to the mouth of the 
American River. Since 1977, surveys have 
been performed several times each month from 
January to April, May, or June. This survey 
samples low-velocity water near the shoreline 
rather than high-velocity, midchamel areas. 
This survey reflects the numbers of adult smelt, 
which select shallow water as they move 
upstream to spawn. However, 20- to 30-mm 
juvenile smelt have also been taken. Results 
are consistent with general declines in the 1980s 
shown for other indices (Figure 2). 

Suisun Marsh Survev 

Under contract to the Department of. Water Re- 
sources, students and staff at the University of 
California, Davis, have sampled the interior 
channels of Suisun Marsh since 1979. Otter 
trawl samples are taken monthly at a number 
of sites, including two in Montezuma Slough 
An abundance index is calculated for delta 
smelt based on catch per tow (Figure 2). This 
sampling program also may not represent 
trends in overall Delta abundance. Although 
the decline in catch per tow in the 1980s is 
consistent with other surveys, the trend may 
be partly due to an upstream shift in distri- 
bution during the recent drought. 

1 The Intera cy Ecological Studies Program for the SacramenteSan Joaquin Estuary was formed in 1970. In 
1993, m e x r  agencies are the California De artment of Water Resources, US. Bureau of Reclamation, 
Caliromia Department of Fish and Game, U.g. Fish and Widlife Service, US. Geological Survey, State Water 
ELesources Control Board, U.S. Army Corps of Engineers, and US. Environmental Protection Agency. 



SWP and CVP 
Fish Salvage Operations 

Fish salvage data from the SWP and CVP 
facilities provide a useful, long-term record 
for delta smelt juveniles and adults) However, 
utility of the database is limited because of 
inconsistencies in the taxonomic identification 
and enumeration of delta smelt. Salvage data 
before 1979 are particularly suspect because of 
identification and other data quality problems. 
Also, the fish screens are relatively inefficient 
for fish less than 25 millimeters. The data- 
bases are also probably poor indicators of popu- 
lation abundance because annual salvage varies 
depending on seasonal and annual ihifts in 
geographic distribution Annual variations in 
water export rates also affect the numbers of fish 
diverted and efficiencies of the fish screens. 
Salvage values represent estimated delta smelt 

I 

collected at the fish screens, not losses of smelt 
to the water diversions. Nonetheless, salvage 
may provide an index of the timing and magni- 
tude of losses. 

At the CVP, the annual salvage estimate was 
about 45,000 delta smelt in 1979 and 1980, when 
smelt species identification began (Stevens et al 
1990) (Figure 8). Salvage increased to about 
275,000 delta smelt in 1981, and has been very 
low since 1982, ranging from 2,000 to 34,000 fish. 

At the M, less than 300,000 delta smelt were 
salvaged in 1968 and in 1969, the initial years of 
sampling (Stevens et a1 1990). From 1970 to 1974, 
salvage ranged from about 300,000 to more 
than 1 million delta smelt Results from sub- 
sequent years are shown in Figure 8. Delta smelt 
salvage declined dramatically in 1977 (146,000) 
and 1978 (238,000). Relatively few delta smelt 
have been salvaged since 1979. 

I 300000 T CVP DELTA SI MELT SALVAGE 

YEAR I 
I I 

mure8 
ANNUAL SALVAGE ESTIMATES FOR DELTA SMELT AT THE CVP AND SWP flSH FACILITIES 

Dela bo&e 1979 cvo nd lncluQd bouvrrw d idodWbn problems Qscrlbod h Ule led. 



C chapter4 
ENTRAL VALLEY PROJECT AND STATE WATER PROJECT 

DELTA FACILITIES AND OPERATIONS 

major interbasin water delivery systems 
e State Water Project and the federal Cen- 

ey Project - divert water from the 
em Delta. Both projects include major 

s north of the Delta, and both trans- 
t water released from storage to areas 
th and west of the Delta (Figure 9). 

n purpose of the State Water Project is 
ater and distribute it to areas of need 

rthern California, the San Francisco Bay 
Joaquin Valley, and Southern 

project functions include flood 
water quality power generation, reaea- 

fish and wildlife enhancement. The 
des 14 reservoirs; the North Bay and 
aqueducts; the California Aqueduct 

ding the East, West, and Coastal branches; 
and pumping plants. The California 

educt extends more than 600 miles - 
thirds the length of California. It is the 

e-built, multi-purpose water project 

federal Central 
Project is to provide water for irrigation 

great Central Valley. 
urban water supply, 

er generation, 
dlife habitat en- 

cement. The CVP includes 20 reservoirs; 
miles of canals, including the Delta-Men- 
a canal; and other facilities. 

facilities have been developed for joint 
y the CVP and SWP. These include San 

s Reservoir, O'Neill Forebay, more than 100 
of the California Aqueduct, and related 
ing facilities. 

1 Use of Delta channels for conveying water 
supply began in 1940, with completion of the 
Contra Costa Canal - the first unit of the 
Central Valley Project. Since initial operation 
of Shasta Dam in 1944 and the Delta-Mendota 
Canal and Delta Cross Channel in 1951 (all 
CVP) and Oroville Reservoir and the California 
Aqueduct in 1968 (both SWP), water project 
diversions from the Delta have increased 

1 steadily, to about 6 million acre-feet annually. 

State Water Project 
Facilities, Capacity, and Demand 

Banks Pumping Plant, about 12 miles north- 
west of Tracy, provides the initial lift of water 
from sea level to an elevation of 244 feet at the 
beginning of the California Aqueduct. Water 
entering the aqueduct flows to Bethany Reser- 
voir, from which South Bay Aqueduct diverts 
water. Most of the water continues south, by 
gravity, to O'Neill Forebay, where it is pumped 
into San Luis Reservoir or conveyed to the San 
Joaquin Valley and Southern California. 

An ope0 intake channel conveys water to the 
Harvey 0. Banks Delta Pumping Plant from 
Clifton Court Forebay. The forebay provides 
storage for off-peak pumping and permits regu- 
lation of flows into the pumping plant 

All water arriving at Banks Pumping Plant 
first flows through the primary intake channel 
of the John E. Skinner Delta Fish Protective 
Facility. Fish screens directly across the intake 
channel direct fish into bypass openings lead- 
ing into the fish salvage facilities. The main 
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p ose of the fish facility is to reduce the 
a unt of floating debris and number of fish 
c 1 veyed to the pumps. 

ing Plant initial facilities (7 pump- 
ts) were constructed in 1962. The plant 

completed in 1992 with addition of four 
units. The plant consists of 11 units: 
at 375 cfs capacity, five rated at 1,130 
ur rated at 1,067 cfs. Water is pumped 

e California Aqueduct through five 
ge lines ranging from 13.5 to 15 feet in 

rage daily diversions are generally limited 
,680 cubic feet per second, as set forth by 
. Army Corps of Engineers criteria dated 
ober 13,1981. Diversions may be inaeased 

of San Joaquin River flow at 

Vernalis during mid-December to mid-March 
if that flow exceeds 1,000 cfs. The maximum 
diversion rate during this period would be 
10,300 ds, the nominal capacity of the California 
Aqueduct. Average monthly pumping rates 
are summarized in Figure 10. 

Additional limitations on export pum ing are P imposed by Water Right Decision 1485. During 
May and June, the maximum average monthly 
diversion rate is limited to 3,000 cfs, aird July 
is limited to a maximum average rate of 4,600 
cfs. Exports can be further reduced to a mean 
rate of 2,000 cfs during May and June if re- 
leases for export are exceeding natural inflow 
at Lake 0roville.2 

Exports are also restricted under the long-term 
biological opinion for winter-run Chinook 

'78 '80 '82 '84 '86 '88 '90 
WATER YEAR I 

figure 10 
AVERAGE MONTHLY STATE WATER PROJECT PUMPING, WATER YEARS 1978 TO 1991 

From the DAYFLOW Datatese 

Resources Control Buard. Water Right Decision 1485: SacramenteSan Joaquin Delta and Suisun 
sh. August 1978. 
criterion is set forth in a letter dated January 5,1987, from the California Department of Water Resources 

o the California Department of Fish and Game. 



salmon and the 1993 opinion for delta smelt. 
These restrictions and other requirements of 
these opinions are discussed later in this chapter. 

Typically, in average or above-average runoff 
years, Banks Pumping Mant would divert near 
allowable export rates during September and 
the first half of October to move water from 
Lake Oroville to San Luis Reservoir. A portion 
of late summer and fall capacity is used to 
wheel 195,000 aae-feet of water for the Central 
Valley Project to replace water not pumped 
during May and June in compliance with 
Decision 1485 criteria. In December through 
March, maximum export rates are generally 
required to capture uncontrolled runoff in the 
Delta to fill the SWP share (1,062 TAF) of San 
Luis Reservoir. 

Entitlement water deliveries to SWP contrac- 
tors are also maintained during these periods. 
Peak contractor delivery patterns during spring 
and summer are satisfied by direct diver- 

year. In 1993, contractor entitlement requests 
are about 3.8 million acre-feet Maximum entitle- 
ment deliveries for long-term water contractors 
are 4.218 million aae-feet annually. 

Basically, SWP water deliveries consist of two 
categories: agricultural and municipal/indus- 
trial. Water supply contracts provide for a 
maximum reduction in agricultural water 
deliveries of up to 50 percent in any one year 
without reductions in M&I deliveries. If cut- 
backs dictate agricultural shortages of more 
than 50 percent in one year, M&I users must 
share the amount above 50 percent. In addi- 
tion, agricultural water deliveries may not be 
reduced by more than 100 percent in any seven 
consecutive years. Shortages above this amount 
must be shared equally between agricultural 
and M&I contractors. - 

- 

Following are descriptions of other categories of I 
water that could be pumped at Banks Pumping 
Plant (in addition to Table A entitlement water). I 

Water Demands 

sions from the Delta in conjunction with releases 
from Luis Reservoir and SWP reservoirs 
in Southern California. At times, unused Delta 
pumping ca~adty  would be availab1e to move 
additional water for direct delivery or into 
storage south of the Delta for future use. 

Contracts executed in the early 1960s estab- 
lished the maximum annual entitlement water 
amounts each long-term contractor may 
request from the State Water Project. These 
annual quantities, known as Table A, reflect 
each contractor's projected annual water needs 
at the time the contracts were signed. Every 
September, each contractor must submit a 
request1 to the Department of Water Resources 
for water delivery for the next 5 years. These 
5-year projections form h e  basis for SWP plan- 
ning and operation studies in the upcoming 

M a k e - u p  water is a requested amount of I 
entitlement water the state water Project is 
unable to deliver at a given time. Contradors 
may elect to receive the undelivered water at 
other times during the year or in succeed- 

I 
ing years, providing water and delivery I 
capability are available. 

Unscheduled water is also water in excess of 
entitlement demands but is not scheduled in " 

advance for contractor delivery. It is unstored 
I 

water available in the Delta for export, as op m posed to being released from project storage. 

Surplus water is water beyond that required 
to meet all entitlement demands and other 
commitments Surplus water can be deliv- 

I 
ered to contractors when capaaty is avail- 
able. Surplus water may be released from 
storage and is scheduled in advance by 

I 
contractors. Priority is given to agridtural" . I use or ground water replenishment. . 

. - 
1 The requests cannot exceed a contractor's Table A allocations. 1 
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Wet-weatha water can be credited to South 
Bay or San Joaquin Valley contractors for 
use in the future in years when above- 
normal water supplies locally reduce the 
need for SWP water. 

Regulated delivery of local supply is a term 
used when SWP facilities are used to trans- 
port non-SWP water for long-term contrac- 
tors under various agreements for local water 
rights. 

Carryover water is a portion of a contrac- 
tor's current year entitlement that may be 
deferred until the following year. Under 
DWR policy, carryover water cannot affect 
the next year's water delivery approvals. 

Wheeling of non-SWP water through SWP 
facilities is done under a variety of arrange- 
ments for long-term contractors and for the 
Central Valley Project. 

Allocation 

A;:.ocation of water supplies for a given year 

Beginning in December each year, initial alloca- 
tions of entitlement deliveries are determined 
based on the four aiteria. Allocations are up- 
dated monthly until May, and more often if 
storms result in a significant increase in the 
Sacramento River Index. 

Following is a chronology of the SWP water 
delivery allocation process. 

December. 
Initial allocations are made, based on opera- 
tion studies using the four criteria and a? 
assumed historical 90 percent exceedence 
water supply. 

January and February. 
Allocations will not be reduced, even if 
water supply forecasts and operation stud- 
ies indicate the initial allocation may be too 
high. Allocations may be increased if the 
water supply forecast (99 percent exceed- 
ence) and operation studies show delivery 
capability to be greater than forecast the 
month before. 

March- 
ased on four variables: 

I 
I 

I 
I 
I 

MI 

a 

These 

Allocations will be reduced if the supply is 
less than forecast in December. Allocations 

'11 

lmk 

I 
I 1 'I%e Sacramento River Index is the sum of measured runoff at four locations: Sacramento River near Red Bluff, 

eather River inflow to Lake Oroville, Yuba River at Smartville, and American River inflow to Folsom Lake. 
xceedence refers to the probability that a particular value will exceed a specified magnitude; for example, 

Forecast water sup lies based on the Saaa- 7 mento River Index . 
Amount of carry-over storage in Oroville 
and San Luis reservoirs. 

Projected requirement for end-of-year 
carry-over storage. 

SWP system delivery capability. 

criteria ensure that sufficient water is 
ca:ried over in storage to protect Delta water 
qt.ality the next year, to meet fishery require- 

ts, and to provide an emergency reserve. 

B 
I 

can be increased based on forecasted 99 
percent exceedence water supplies. 

April and May, 
Allocations will not be reduced further un- 
less operational storage and forecast runoff 
(99 percent exceedence) indicate carry-over 
conservation storage will fall below targeted 
minimums. Increases in water delivery 
allocations can be made based on improved 
99 percent exceedence forecasts and suppor- 
tive operational studies. Final allocations 
are based on the May water supply forecast. 

20 percent exceedence means the water supply will be exceeded 90 percent of the time. 
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Central Valley Project 
Facilities, Capacity, and Demand 

At Tracy Pumping Plant, about 5 miles north 
of Tracy, Central Valley Project water is lifted 
197 feet into the Delta-Mendota Canal. The 
intake canal at this CVP facility includes Tracy 
Fish Screen, which intercepts downstream- 
migrant fish. The earth-lined intake channel to 
the Tracy Pumping Plant is 2.5 miles long. 

Each of the six pumps at Tracy Pumping Plant 
is capable of pumping 950 cubic feet per second 
Water is pumped through three 15-footdiame- 
ter discharge pipes and carried about 1 mile to 
the Delta-Mendota Canal. Average monthly 
pumping rates are shown in Figure 11. 

Tracy Pumping Plant flows can range from less 
than 1,000 cfs to a maximum capacity of almost 
5,000 cfs. Maximum sustained rate is about 
4,600 cfs, the nominal capacity of the first 13.7 

miles of the Delta-Mendota Canal. w i d  pump 
ing rates are between 4,000 and 4,600 cfs except 
when restrictions are imposed by water right 
or endangered species requirements. Regula- 
tory requirements limit pumping rates to avoid 
entrainment of juvenile fish or species and life a 

stages of special concern. An example of a 
pumping restriction is during May and June 
when Decision 1485 restricts pumping rates to 
3,000 cfs during critical striped bass spawning 
periods. Pumping is also restricted when 
threatened winter-run salmon and delta smelt 
are exposed to facility diversions. 

To meet water contractor demands, Tracy 
Pumping Plant is usually operated at or near 
maximum capacity. Except during the peak 
irrigation season, pumping may be limited by 
the conveyance capacity of the Delta-Mendota 

1 Canal, or the re-lift capability (4,200 cfs) of 
i O'Neill Pump/Generating Plant. 

'78 '80 '82 '84 '86 '88 '90 ! * $  
WATER YEAR 

r 

Fiaure 11 
I 

AVERAGE MONTHLY CENTRAL VALLEY P R ~ E C T  PUMPING, WATER YEARS 1978 TO 1991 
From the DAYFLOW Databgse 



ut half the Central Valley Project water 
ly is delivered to the San Joaquin Valley 
gh the Delta-Mendota Canal and San Luis 
but essentially all the water originates 
of the Delta. To provide the water to 
ctors in the San Joaquin Valley, three 

s must be considered: 

Needs of water service contractors and 
exchange contractors. 

Man for coordinating Delta pumping and 
San Luis Reservoir use. 

t 
rators also incorporate Delta-Mendota and 

operations into plans for operating 
in and north of the Delta. 

Plans for filling and drawing down San 
Luis Reservoir. 

N i e r  Demands 
I1 I 

San Joaquin Valley, the Central Valley 
t supplies water to CVP water service 
ctors and San Joaquin River exchange 

actors. Exchange contractors "exchanged" 
or rights to water in the San Joaquin 
a CVP water supply from the Delta. 

eau of Reclamation guaranteed these 
ors a firm annual water supply of 

00 acre-feet, with a max@mm reduction 
percent to 650,000 aae-feet in dry years. 
r service contractors also receive water 
the Delta, but reductions in their supplies 

ents of both types of contractors must 
ed with the pattern of requests for 

r to operate the CVP efficiently. In many 
s, full water supplies and sufficient pump- 
capability are available to meet all de- 
s. In some years, water deliveries are 

because of insufficient supply or con- 
pacity. Schedules of water deliver- 
eases from the northern reservoirs 

must be coordinated with each other as well as 
with the Trinity, Sacramento, and American 
River operations of the Central Valley Project. 

Water Allocation 

In most years, the combination of carry-over 
storage and runoff into CVP reservoirs is suf- 
ficient to provide the necessary water and the 
operational flexibility to deliver the water. In 
this context, operational flexibility refers to the 
availability of water at the time it is needed, 
physical storage and conveyance capacity, and 
sufficient supplies and ability to control cold 
and warm water releases. The combination of 
these factors defines the limits of water alloca- 
tion; the diverse water needs and their inter- 
relationship determine specific allocations. 

Providing the water needed for beneficial uses 
requires a strategy that recognizes two com- 
pe&g requirements: the need to retain suffi- 
cient carry-over storage to ensure temperature 
control capability and reduce risks of shortage, 
and the need to draw from storage in a given 
year to deliver sufficient water to avert health, 
safety, and economic hardship. 

In normal or above-normal water years, it is 
usually possible to satisfy competing needs. 
Even in drier years, if normal carry-over stor- 
age is available at the beginning of the year., 
water allocations may be met partly by with- 
drawal from reservoir storage. However, all 
beneficial uses of CVP water are adversely 
affected during prolonged drought. Both en+- 
ronmental and economic systems are stressed 
by the cumulative impacts of dry conditions to 
a point where tolerance of continued drought 
is significantly weakened. When. storage in 
CVP reservoirs at the beginning of the water 
year is diminished, capability of the system to 
mitigate the impact of continuing drought is 
also diminished. 



Operation studies performed for the long-term 
cVP-OCAP~, issued in October 1992, showed 
deficiencies on water deliveries at least as 
severe as those in the past and, in some cases, 
CVP agricultural allocations are reduced to 
zero. 

Table 1 is a breakdown of CVP deliveries, by 
category of use. 

TaMe 1 
ANNUAL CENTRAL VALLEY PROJECT DELIVERIES, 

BY CATEGORY OF USE 
(In MlUbn AcreFeel) 

Water Projecl 
Rights Agriculture M81 Refuge 

Delta 0.9 2.1 0.3 0.1 
S a m n t o  Basin 2.2 0.4 02 0.1 
Total 3.1 2.5 0.5 0.2 
Water rights and M I  are subpd to maximum 25 perad redudim h CVPmAP. 

San Luis Reservoir and 
O'Neill Forebay 

There are two ways to move water from the 
Delta to San Luis Reservoir. One is the CVP 
Tracy Pumping Plant, which pumps water into 
the Delta-Mendota Canal. The other is the 
SWP Banks Pumping Plant, which pumps 
water into the California Aqueduct. Opera- 
tions of the CVP and SWP must be closely 
coordinated to avoid inefficient situations, 
such as one project pumping water into the 
reservoir at the same time the other is releasing 
water. 

San Luis Reservoir is usually filled during 
winter and early spring to ensure that contrac- 
tual obligations can be met through summer. 
Surplus, uncontrolled water in the Delta is 
pumped into the California Aqueduct and the 
Delta-Mendota Canal and flows by gravity to 
O'Neill Forebay. Here a portion of the flow is 
pumped into San Luis Reservoir and the 

remainder continues south to the San Joaquin 
Valley and Southern California. Beginning in 
May and continuing through simmer, irriga- 
tion and urban requirements are substantially 
larger than the allowable Delta pumping, so 
water is released from San Luis Reservoir to 
satisfy requests from downstream water con- 
tractors. 

Since San Luis Reservoir has little natural in- 
flow, water must be stored when the two Delta 
pumping plants can export more water than is 
needed for contracted deliveries. Because the 
amount of water that can be exported from the 
Delta is limited, the fill and drawdown cycle 
of San Luis Reservoir is an extremely impor- 
tant part of both CVP and SWP operations. 

A typical cycle starts with minimum reservoir 
storage at the end of August. Irrigation needs 
decrease in September, but the opportunity to 
begin refilling the reservoir depends on avail- 
able water in the Delta and adequate capabil- 
ity at the Delta pumping plants. CVP pumping 
continues at the maximum until the end of 
April, unless San Luis Reservoir is filled or the 
Delta water supply is not available. In May 
and June, Decision 1485 standards limit export 
pumping, and irrigation needs begin to in- 
crease, so San Luis Reservoir storage begins to 
decline. In July and August, CVP pumping is 
again at the maximum, plus up to 195,000 
acre-feet of CVP water can be exported at Banks 
Pumping Plant to replace water that could not 
be pumped at Tracy during the May/June 
pumping restriction. Irrigation demands are 
still high during this period, and San Luis 
storage continues to decline until late August, 
when the cycle begins anew. 

1 It is important to coordinate scheduling of San 
Luis Reservoir operations between the two 
projects. When the State Water Project pumps . I 
water required by Decision 1485 for h e  Central F. 
Valley Project, it may be of little consecruence , , I 

1 Operations Criteria and Plan. 
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operations but critical to CVP opera- that water pumped into O'Neill Forebay by 
. The amount of water in San Luis Reser- the two projects does not exceed the CVP's 

make it possible to "exchange" space capability to pump into San Luis Reservoir or 
ater to aid the operations of either project. into the San Luis Canal at the Dos Amigos 

o, close coordination is required to ensure Pumping Plant (Figure 12). 
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John E. Skinner 
Fish Protective Facility 

The John E. Skinner Delta Fish Protective 
Facility began operating in 1968, using the 
same basic louver design as used at the CVP 
fish salvage facility. The louver system resem- 
bles venetian blinds and acts as a behavioral 
barrier. The slots are wide enough for fish to 
enter but, at the correct water velocities, fish 
encountering the screens sense the turbulence 
and move along the screen face to the bypass. 

Saeens at Skinner Fish Facility separate fish 
from water diverted to Banks Pumping Plant 
through Clifton Court Forebay. The system 
consists of a series of primary V-shaped bays 
with louver fish screens that guide fish to a 
bypass at the apex of the "V" (Figure 13). Fish 
entering the bypass move by buried pipeline 

to a secondary saeening system, where they 
are further concentrated. Exiting the secon- 

I 
dary by another bypass, the screened fish en- 
ter holding tanks, where they are kept until 
they are trucked into the Delta and released 

I 
The release sites, Horseshoe Bend and Curtis I Landin& are far enough from the pumps to 
reduce chances of salvaged fish returning to 
the pumping plants. Releases are alternated I between the two sites to reduce predatiofi 
ltvo CVP release sites are also available in 
emergencies. I 
In the early 1980s, the Department of Water 
Resources modified Skinner Fish Facility by 
installing center walls in the primary bays 
to improve striped bass saeening efficiency; 

B 
opening new bays; building a new, perforated- 
plate screened secondary; and rescreening the 
holding tanks to help minimize fish losses. The 

I 
I 

Figure 13 
SCHEMATIC DIAGRAM OF M E  JOHN E. SKINNER FISH PROTECTIVE FACILITY I 



secondary is a positive-barrier screen, in 
t the small-diameter perforations prevent 
st fish greater than 20-mm TL from passing 
ough the screen. This screen type is not 

to reduce entrainment of eggs or 

Water Resources completed three 
holding tanks at the Skinner facility, 
improve salvage efficiency for some 
by allowing more efficient use of both 
ary systems. In addition, the four new 
at Banks Pumping Plant, in combina- 

the new holding tanks, allow better 
ontrol and increased salvage effi- 

he increased efficiency results from 
to optimize water velocities for 
at any given pumping rate and 

using both secondaries to ensure that 
the holding tanks do not exceed 

F s salvaged at Skinner Fish Facility are sub- 
pled periodically to obtain information on 

s f cies composition, numbers, and lengths. 

ation of Skinner Fish ~acility began 
8, the number and species composition 

aged has been estimated by sub- 
pling the fish entering the holding tanks. 

Department of Fish and Game 
ver the fish salvage and sampling opera- 

under a contract with the Department of 
er Resources. Fish and Game maintains 

age data and reports monthly salvage 

y 1970s, the Department of Water 
es and Department of Fish and Game 
ed an extensive evaluation of Skinner 

cility and have subsequently evaluated 
features such as trucking and han- 

losses, predation losses in Clifton Court 
and losses in the holding tanks. Stud- 
enerally been confined to a relatively 
s of fish, including fall-run Chinook 

on, striped bass, and American shad. No 

specific studies have been conducted for delta 
smelt. However, recent experience of Fish and 
Game and the University of California, Davis, 
in handling and hauling delta smelt caught in 
the estuary indicates delta smelt probably ex- 
perience high delayed mortality due to stress 
during handling and trucking of the SWP and 
CVP fish salvage programs. 

Following are descriptions of each major fea- 
ture of the SWP fish salvage system in the 
southern Delta, with special reference to delta 
smelt. 

Clifton Court Forebay Gate Operations 

Clifton Court Forebay is a 31,000-aae-foot regu- 
lating reservoir at the intake to the California 
Aqueduct (Figure 14). Inflows to the forebay 
are controlled by radial gates and are gener- 
ally operated during high tides to reduce 

OUTVl 
CHANNEL 

Figure 14 
CLIFTON COURT FOREBAY 



approachvelocities and prevent scour inadja- 
cent channels. The forebay isoperated tomini- 
mize water level fluctuation in the intake by 
takingwater in through the gates at high tides 
and closing the gates at low tides. When the 
gates are open at high tides, inflow can be as 
high as 15,000 cubic feet per second for a short 
time, decreasing as water levels inside and 
outside the forebay reach equilibrium. This 
flow corresponds to a velocity of about 2 feet 
per second in the primary intake channel. Fig- 
ure 15 shows operation patterns of the radial 
gates, and Figure 16 shows the gate operation 
schedule, representing expected operations The 
schedule may vary from actual operations, 
depending on pumping restrictions for win- 
ter-run Chinook or other species of concern. 

Predation in Clifton Court Forebay, a signifi- 
cant source of juvenile fish mortality, has been 
evaluated based primarily on juvenile salmon 
survival across the forebay. In a series of Fish 
and Game studies, losses of marked fall-run 
hatchery salmon and striped bass crossing the 
forebay were significant Losses were assumed 
to be largely due to striped bass predation, 
since the population of subadult striped bass 
in the forebay have been estimated to range 
between 35,000 and 945,000 (T. T i a n ,  DFG, 
pers comrn; Kano 1990). Fish and Game is 
using a juvenile salmon loss rate of 75 percent 
to calculate Chinook salmon losses at the State 
Water Project intake. 

No predation studies have been conducted in 
the forebay to evaluate prescreen loss rates for 
delta smelt. 

Primarv and Secondarv Louvers 

Louver and screen efficiency studies have been 
proposed for delta smelt; however, due to diffi- 
culty handling smelt and their poor survival in 
captivity, the Interagency Program's delta smelt 
work group is discu&ng interim criteria based 

LEaEND 
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Figure 15 
OPERATION PAllERNS OF 

CLIFTON COURT FOREBAY RADIAL GATES 

on current efficiency rates and use of surrogate 
species for swimming stamina studies. The 

I 
University of California, Davis, is under con-. 
tract to Water Resources to study deltaismelti 

I 
swimming stamina and environmendtoler-: ' 

ances. This information will help establish: 
screening requirements and flow velocity limits., 

I 



PHASE II GATE OPERATION 

GATE OPERATION TIMING 
OPEN 1 HOUR BEFORE HIGH-HIGH TIDE 
CLOSE 2 HOURS BEFORE LOW-LOW TIDE 
OPEN 1 HOUR AFTER LOW-LOW TIDE 
CLOSE 1 HOUR BEFORE HIGH-LOW TIDE 

TIDES AT FOREBAY INTAKE LOCATIONS WITHOUT SWP EXPORTS 
WITH 19-YEAR MEAN 25-HOUR MARTINEZ TlDE 
l . = = . ! w ' m g ! v a l m ~ g l l m ~  

. . . . . . . . . . . . . . . . . . . . . . . 

- 2 1 . . . . 1 . . . . 1  . e n .  1 .  l a '  

0 5 10 15 20 2 5 
1 -Middle R at Woodward Canal - - - - -4-Middle R at Victoria Cvt 

- -2-Old R at Woodward Canal . . . . .  5-Old R at Victoria Cut 
- - -3-Old R at Highway 4 - - -691d R @ West Canal (existing intake) 

GATE OPERATION SCHEDULE 

MODEL 
LOCATION NODE 

1 117 
2 82 
3 79 
4 113 
5 75 
6 72 

TIME IN H O W  
OPEN CLOSE OPEN CLOSE , 

5.00 12.25 15.25 24.25 
5.00 12.25 15.25 24.25 
5.25 12.50 15.50 24.50 
5.50 12.50 15.50 24 .50 
5.75 12.75 15.75 24.75 
6.00 13.00 16.00 25.00 

I 
Figure 16 

CLIFTON COURT FOREBAY GATE OPERATION SCHEDULE 



Salvage efficiencies for salmon, striped bass, 
and American shad were evaluated in 1974 at 
the Skinner Fish Facility. As a result, the fol- 
lowing equations for combined efficiency of 
primary and secondary louver screens for the 
species of interest were derived. - Efficiencv 
Fall-Run Chinook Salmon . 

1-100 0.630 t (0.0494 x Approach Velocity) 
100 0.568 t (0.0579 x Approach Velocity) 

Striped Bass 
21-30 0.935 - (0.149 x Approach Velocity) 
3140 0.806 - (0.0431 x Approach Velocity) 
>41 0.945 - (0.0717 x Approach Velocity) 

American Shad - 

Saeen efficiency is a function of fish length 
and channel velocities. Decision 1485 specifies 
the following velocities in both the primary 
and secondary channels: 

3.5 feet per second from November 1 through 
May 14 for Chinook salmon 

1.0 foot per second from May 15 through 
October 31 for striped bass. 

Channel velocity criteria are also a function of 
bypass ratios through the facility Decision 1485 
requires the following bypass ratios for salmon 
and striped bass. 

For salmon: 
Y Maintain 12:l.O to 1.6:l.O bypass ratio in both pri- 

mary and secondary channels. 

For striped bass: 
w Maintain 12:l.O bypass ratio when operating Bay A 

only. 
B Maintain 12:l.O bypass ratio when operating Bay B 

only. 
w Maintain 1.5:l.O bypass ratio when operating both 

primary bays and when channel velocities are less 
than 2.5 fps. 

w Maintain 121.0 bypass ratio in the secondary channel 
for all approach velocities. 

How delta smelt react to these velocities or 
whether any of the criteria are appropriate for 
juvenile or adult smelt is not known. 

The new secondary is a perforated-plate positive- 
barrier screen with 5/32-inch holes. The screen 
will exclude 100 percent of salmon longer than 
about 20 mm. With appropriate channel (sweep 
ing) and screen approach velocities, screening 
efficiency could also be this high for juvenile or 
adult delta smelt, depending on swimming 
ability and size. Efforts are now directed at 
determining approach velocities for delta smelt 
from the swimming stamina studies and screen 
mesh size from morphometric measurements. 

Striped bass and other predators can accumu- 
late in the primary and secondary channels, 
and prey on smaller fish moving through the 
salvage facilities. Periodic dewatering of these 
channels reduces predator accumulation. 

In June 1990, the secondary screening ~ h a ~ e l s  
at Skinner Fish Facility were drained to collect 
fish that had not entered the bypass and hold- 
ing tanks. A total of 494 fish, representing 18 
species, were salvaged. Among the species were: 

Prickly sculpin 258 
Striped bass 99 
Chinook salmon 27 
American shad 24 
White catfish 11 
Delta smelt 2 

There are no reliable estimates of delta smelt 
losses to predation in this part of the system, 
but the potential for predation on delta smelt 
exists. 

The Department of Water Resources has evalu- 
ated secondary bypass flows to assess bypass 
efficiencies under various operation criteria 
(D. Hayes, DWR, pers comrn). Velocities into 
the bypass under existing striped bass flow% 
criteria are not optimal to transport largeri 
strong-swimming fish through the bypass into 
the holding tanks. Designs are being reviewed 
to test modiSications of the bypass.:entrance; 



ould increase flow velocities from the 
y channel into the bypass. With these 
tions, bypass efficiencies should in- 

cantly for larger, stronger predators 
ed bass and white catfish. The 
ass efficiency should, therefore, 
on losses in the secondaries for 

tanks were rescreened in the mid- 
t physical loss of fish diverted 

easion 1485 specifies 10 cfs 
ough the holding tanks. 

terion can be met with the six holding 
to flow imbalances, the 

erage flows of 10 cfs into 

fish from the holding tanks, they 
in a crane-supported transfer 

to a tanker truck for haul- 

ber of factors influence short-term and 
survival of fish in the holding tanks, 
but not limited to: 

tress related to extended periods of forced 
wiinming against holding tank currents (a IL ction of tank water levels). 1 balvage and handling. 

1 quality and temperature. 

1985, tests were conducted to deter- 
ortality associated with handling and 

sh salvaged at Skinner Fish Facility 
89). Six species of fish were studied: 

ok salmon, striped bass, American shad, 
ead trout, threadfin shad, and white cat- 

Mortality varied widely, depending on 
size of fish, and water temperature. 

g tank temperature and dissolved oxy- 

gen were the parameters most often signifi- 
cantly correlated with handling mortalities. 
Holding tank flow, dissolved oxygen, and hold- 
ing tank and trucking water temperatures were 
the parameters most often significantly corre- 
lated with trucking mortalities. 

During salvage operations, however, delta smelt 
in good condition are seen regularly, swim- 
ming in the holding tanks or loading buckets 
just before being loaded onto the transport 
trucks (J. Morinaka, DFG, pers comm). Uni- 
versity of California, Davis, researchers have 
collected delta smelt from the loading buckets 
but have had limited success at holding or 
transporting these fish to their laboratory for 
studies. 

The Bureau of Reclamation will evaluate the 
relationship between holding times and mor- 
tality rates for several fish species at the Tracy 
Fish Facility in 1994. The Department of Water 
Resources will study those results for applica- 
bility to SWP opera tions. 

Counting and Measuring 
Delta Smelt 

Since it is impractical to count all salvaged delta 
smelt, estimates are made by subsampling 
periodically during the day and extrapolating 
results to the entire day. Typically, subsamples 
are collected every 2 hours by diverting flow 
from the secondary bypass into a "counting" 
tank. Sampling time varies with expected fish 
density but is normally about 10 minutes. Fish 
collected in each subsample are identified to 
species, counted, and returned to the holding 
tank. Four times each day (at 0300,0900,1500, 
and 2100), the total length of each species from 
each subsample is measured to the nearest 
millimeter. Total daily salvage, by species and 
average length of each species, is then calcu- 
lated by comparing the period subsampled 
with the total pumping time. 



As part of the contract between UC-Davis and 
Water Resources to define environmental and 
screening criteria for delta smelt, recent efforts 
have been focused on morphometric measure- 
ments of preserved and live specimens of delta 
smelt. Preserved specimens were obtained from 
UC-Davis, the Bureau of Reclamation, and Dr. 
J. Wang. Live smelt from samples at the SWP 
and CVP salvage facilities are measured when 
available. The measurements will help define 
the size of the screen opening necessary to 
exclude a given life stage based on average 
morphometric dimensions. These data will be 
used in developing overall screening criteria 
for delta smelt. 

Hauling 

Two stainless steel tank trucks operate at Skin- 
ner Fish Facility. Both are specially designed 
to reduce mortality associated with transport- 
ing fish to the release sites. The 2,500-gallon 
and 1,200-gallon tanks reduce overcrowding, 
provide better temperature insulation, and are 
designed and loaded to reduce sloshing dur- 
ing transport. The smaller tank is fiberglass 
insulated to help keep the water cool, and both 
tanks have oxygen injection systems. 

Hauling frequency is based on estimated den- 
sity of fish in the holding tanks. Guidelines for 
operating Skinner Fish Facility require that 
fish not be held longer than 8 hours, so 
salvaged fish are hauled to release sites at least 
three times a day. When large numbers of fish 
are collected, hauls can be as frequent as five 
or six times a day. Also, hauls may be more 
frequent if only one truck is available, espe- 
cially when operating only the 1,200-gallon 
truck. 

Effects of handling and hauling on several fish 
species at Skinner Fish Facility were evaluated 
by Raquel(1989). Recommendations include 
adding 2 to 10 ppt salt to water in the tank 

trucks to reduce physiological stress of han- 
dling. Adding salt increased overall survival 
during transport (Raquel1989). Currently, 5 ppt 
of salt is added to the tank water before trans- 
port (J. Morinaka, DFG, pers comm). 

I 
Although the studies didnot specifically include I 
delta smelt, data from Raquel(1989) are being 
reviewed for relevance to delta smelt survival. 
Delta smelt are apparently intolerant of handling 
and have high mortality rates under physically 
demanding conditions (Odenweller 1990,1991; 
Sweetnam and Stevens 1991; R Mager, UCD, 
pers comm). 

i 
- 
There have been related concerns regarding # long-term survival of salvaged delta smelt fol- 
lowing release (Odenweller 1990,1991; Sweet- 
nam and Stevens 1991). Effects of transport I 
and handling on survival of delta smelt have 
been documented during striped bass grow- 
out facility operations. Of 1,605,774 fish taken 
from the salvage facility to the grow-out facility 
in 1989,111,093 did not survive; that number 
includes all of the 2,590 delta smelt taken inci- 
dentally (Odenweller 1990). Again in 1990, all 

I 
14,475 delta smelt taken were lost at the grow- 
out facility (Odenweller 1991). However, it is 
not clear how conditions at the grow-out facil- 
ity compare to those salvaged fish experience 
when returned to Delta waters. I 
Additional handling and trucking stress stud- 
ies of delta smelt or a surrogate species are 
being proposed (Sweetnam and Stevens 1991; 

I 
D. Hayes, DWR, pers comm). I 
Salvage Release Sites I 
The State Water Project maintains two perma- 
nent release site facilities, at Horseshoe Bend 
on the Sacramento River and on Sherman 
Island at Curtis Landing on the San Joaquin i 

River. Two CVP release sites are also available 
in emergencies. ill 



ases are alternated between sites over a 
period. Normally, morning releases 
Curtis Landing site, evening or night 

are at Horseshoe Bend, and afternoon 
are alternated between sites. Night 
are always at Horseshoe Bend be- 
protective fencing around the truck 
During delta smelt salvage opera- 

1993, trucks made up to five releases a 
ce holding times and exposure to 

in the holding tanks and in the trucks. 

1993 delta smelt biological opinion requires 
Department of Water Resources to con- 
ct an additional site for salvaged fish re- 

A thorough environmental evaluation 
ermanent release site options and obtain- 
the necessary permits could not be corn- 
ed by the January 1, 1994 deadline. 

Water Resources proposed modify- 
e of its tank trucks so releases could be 

number of suitable sites without 
immediate construction of an addi- 
manent release structure without 
environmental analysis. In this way, 

ditional release site can be operational by 
y 1,1994, deadline. 

luations of predation impacts on 
eclamation, Water Resources, 

Game are planning a hydro- 
-netting study. The study will 

ator densities at the permanent 
sites under normal release operations 
ator densities at multiple locations 
equent releases. This evaluation was 

to determine if permanent release 
ere returning fish to the Delta with- 

additional losses due to preda- 
The study is planned for spring 1994 and 
. Results will be compared to studies by 
ard et al(1982) on predator composition at 

to identify any changes in preda- 
r composition. 

Tracv Fish Protective Facilitv 

The Bureau of Reclamation completed Tracy 
Fish Protective Facility in 1958 to salvage fish 
that would otherwise be lost to Tracy Pumping 
Plant or entrained into the Delta-Mendota Ca- 
nal. Tracy Fish Facility is a louver structure 
based on a design developed by the U.S. Fish 
and Wildlife Service (Bates and Vi inhaler  
1956) and was the first full-scale louver fish 
screen ever built. The purpose of the louver 
structure was to intercept and salvage salmon 
smolts and 4-inch and larger striped bass. 

Tracy Fish Facility is a t  the intake to Tracy 
Pumping Plant, 2.5 miles downstream. The 
basic features of Tracy Fish Facility are the 
system of primary and secondary louvers (Fig- 
ure 17). The primary screening system is a 
single 320-foot-long louver array positioned 
at about a 15-d'egree angle to the direction of 
the flow. The louver slats are 25 feet.high with 
a 1-inch space between slats. Four 6-inch "by- 
pass windows" along the primary louver face 
convey the fish to the secondary louvers and 
on to the holding tanks. The salvaged fish are 
transferred to 2,000-gallon trucks and hauled 
to the Delta for release. The Bureau of Recla- 
mation currently uses two release sites, one on 
the Sacramento River near Horseshoe Bend 
and the other on the San Joaquin River imme- 
diately upstream of the Antioch Bridge. 

Changes in water surface elevation caused by 
tidal fluctuations affect operations at Tracy 
Fish Facility. High tides at Tracy Fish Facility 
occur about 8 hours after high tide at the 
Golden Gate Bridge, and tidal heights are about 
70 percent less than at the Golden Gate. Typi- 
cal tidal fluctuation at the fish facility is about 
3 feet; maximum fluctuations are 6 feet. Since 
pumping at Tracy is generally constant over a 
24-hour period, chamel and approach veloci- 
ties vary with tidal height. 
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Figure 17 
SCHEMATIC DIAGRAM OF CENTRAl VALLEY PROJECT TRACY FISH PROTECTIVE FACILITIES 

The fish facility is operated to achieve water 
velocities through the louvers as specified in 
Decision 1485 for striped bass (about 1 foot per 
second) and for winter-run salmon (about 3 
fps). However, tidal changes in water surface 
elevation can make this operation difficult, 
especially during low tides. 

When Tracy Fish Facility began operating, Tracy' 
Pumping Plant was not operated year-round. 
Water was pumped to meet seasonal irrigation 
demand, generally April through October. With 
addition of San Luis Reservoir in 1967, Tracy 
Pumping Plant and Tracy Fish Facility became 
a year-round operation. Pumping through 
winter affected fish species other than salmon 
and striped bass, especially smelt and other 
early spawners. This is documented by in- 
creased salvage of these species at the fish 
facility. 

A complete field evaluation of the facility is 1 
now underway to identify specific operational 
problems and possible improvements. The 
Bureau of Reclamation is also evaluating 
hydraulic conditions at the fish facility and 
periodically removing predators from the 
secondary bypass system. I 
Primary and Secondary Louvers I 
Initial evaluations of the Tracy Fish Facility 
were conducted in the late 1950s by the Y.S. 
Fish and Wildlife Service (Bates et a2 1960) and 

I 
California Department of Fishand Game (Hal- 
lock 1968). The first study was not designed to 
measure efficiency at the primary louvers, but 

I 
it did show a 90 percent salvage efficiency in .E; 

the secondary louvers. The second study used 
paired fyke nets upstream and downstreamof 16 

I 
I 



y h 1966 and a 91 percent effi- 
cy in 1967. The difference between years 
due to the size of captured striped bass. 
with striped bass showed a diversion 

ency of 5.4 percent for bass averaging 
7 6  percent for bass averaging 32 mm, 

for bass averaging 44 mm, and 
for bass longer than 120 mm. 

h 

omparisons, the primary 
e more efficient during 

light hours, but the difference was mini- 
2 to 3.9 feet per second, 
e in efficiency could be 

nted. Numbers of other species cap- 
this study were too small to accurately 

rmine louver efficiencies. From prelimi- 
estimates, it appears that primary louver 
ency was 66 percent for delta smelt (161 

r threadfin shad (159 
erican shad (1,223 

. This 66 percent louver efficiency for delta 
t probably reflects a predominance of adults 
sub-adults in the collections. Louver effi- 

es seem to be species or size dependent, 
on these data. Further research is needed 

es for delta smelt 

primary louvers and, based on striped bass, 
f nd that the primary louvers had a 71 per- 

rent study to improve operations at 
s h  Facility will examine how the fad -  

ctions in relation to listed and candidate 
especially delta smelt. Discussions are 

g to determine interim screen aite- 
d on existing efficiency rates and to 

ogate species for stamina studies to 
ecific delta smelt criteria. 

mated at 15 percent based on losses at other 
fish screens. 

bass, white catfish, and other preda- 
the primary and secondary channels 

prey on delta smelt. There are no 
estimates of predation loss rates for 

It, but loss rates for smolt salmon are esti- 

For the last 3 years, the Bureau of Reclamation 
has removed predators from the secondary 
louver channel on a monthly basis. Large num- 
bers of predators have been removed, and the 
number and size of predator fish seems to be 
decreasing with successive removal operations. 

Stomach analyses of striped bass and white 
catfish indicate small fish are the major food 
consumed. A few delta smelt have been found 
in the stomachs of predators removed from the 
secondary channel. 

The Bureau of Reclamation plans to continue 
monthly predator removal from the secondary 
channel to reduce predation on smaller fish 
such as delta smelt. The Bureau also plans to 
study ways to reduce predators in front of the 
trash rack and in the primary louver channel. 

Holding Tanks 

There are two types of losses in the holding 
tanks, neither of which has been documented. 
The first type is predation losses, similar to 
those in the louver channels. The second type 
is loss due to stress and fatigue from fighting 
a current for long periods. Both types would 
increase as length of holding time increased. 
The 1993 biological opinion for delta smelt 
requested holding times of no more than 8 hours 
to help reduce these losses. The Bureau of 
Reclamation complied with this request before 
release of the opinion and continues to do so. 

There is concern that delta smelt do not reach 
the release sites alive and that salvage opera- 
tions are ineffective for this species. Bureau of 
Reclamation personnel have indicated that 
delta smelt survive the screening and holding - 
procedure and are in good shape when placed 
into transport trucks. Adult delta smelt are 



generally seen in the loading bucket, in groups 
of 5 to 10 near the surface. Studies are needed 
to confirm that existing salvage operations are 
functioning properly or to design new meth- 
ods to improving delta smelt survival through 
the salvage facilities. 

The Bureau of Reclamation has proposed a 
study to determine how holding time influ- 
ences mortality rates for several fish species. 
However, documenting the health or condi- 
tion of fish before they enter the holding tanks 
will be difficult. The added handling stress 
involved in determining their condition be- 
fore they enter the holding tank will affect 
interpretation of results. Initial work on this 
study is proposed to begin in 1994. 

Counting 

It is not practical to count all salvaged fish, so 
estimates are made by sampling every 2 hours 
and extrapolating the results to the entire day. 
Sampling typically represents one-twelfth of 
the total salvage. Lengths of fish are measured 
at two counts every day. Counting and identi- 
fying fish results in additional handling, so 
these fish are more stressed than the typical 
fish going through the salvage operations. 

When salvage operations began at Tracy Fish 
Facility, salmon and striped bass were the spe- 
cies of interest, and delta smelt were lumped 
in a class of fish called "others". When enu- 
meration of smelt began in the 1960s, longfin 
and delta smelt were both in one category, 
"smelt", but the two species have since been 
identified separately. 

A concern with the data is that delta smelt may 
have been misidentified in these early years. 
Adult delta smelt are fairly easy to identify, 
and identification has likely been accurate for 
many years. Larval delta smelt closely resem- 
ble longfin smelt, and until recently it was not 

possible to separate the two species. Juvenile 
delta smelt can also be easily confused with 

I 
juvenile threadfin shad and American shad. 
Positive identification at these younger stages 
cannot be done without preserving them, which 

I 
would be counterproductive for a salvage 
facility. I 
The Bureau of Reclamation has hired a fisher- 
ies biologist expressly for Tracy Fish Facility 
and has contracted with a consultant as part of 
a long-range improvement of taxonomic iden- 
tification for several fish species. Studies so far 
indicate fish facility workers are nearly 100 

I 
percent accurate at identifying adult delta smelt 
and about 80 percent accurate at identifying 
juvenile longfin and delta smelt. Salvage per- 

I 
sonnel are not expected to become proficient 
at identifying larval smelt less than 15 mm. 
This work will be done by a contractor. 

I 
I 

Hauling 

Hauling losses for delta smelt are unknown at 1. 
this time. Stress and predation are the obvious 
concerns. The large hauling trucks (2,000 gal- 
lons) are built and loaded in such a way as to 
reduce sloshing. These large tank trucks are 

I 
believed to provide the best conditions for I 
transport of fish that can reasonably be devel- 
oped. Tests have shown that water tempera- 
ture changes are less than one degree in the 
hottest part of summer. In addition, salt is 

I 
added to the tanks to create a 5 parts per 
thousand solution to reduce stress and disease 1 
associated with handling and transporting 
fish. i n 
Hauling fish in tanker trucks during foggy 
weather is a major problem. Because of d&& 
fog in the Delta during winter, often far long 
periods, personnel safety is a concern These 

I 
conditions also increase the time of the hauling . s 

trip, exposing delta smelt to additional stress .r ;T 

and predation potential. 



S;,lvage Release Sites 

1993 delta smelt biological opinion indi- 
d that Tracy Fish Facility had a single re- 
e site for salvaged fish, because the other 

ice indicated that 
nd release site 

for an extra CVP 
e been completed, 

r of 1992-93, thousands of 
ta smelt were salvaged at the CVP 
fish facilities. These smelt were mov- 

from rearing areas near the confluence of 
Sacramento and San Joaquin rivers to up- 

awning areas and were drawn to the 
mping plants. Once. salvaged, the 

ere returned to the existing release sites 
er Delta and had to repeat the up- 

of Reclamation is proposing to 
rd fish release site, which would 

igned for use by both the CVP and SWP 
The third site would be chosen and 

ely to enhance the salvage 
a1 of delta smelt. The third release 
allow release of delta smelt near 

areas. This would reduce the 
s of salvaged delta smelt being re- 

e salvage facilities and would 
r to known spawning areas. 

Department of Fish and Game and the 
of Reclamation have discussed locat- 
third site near the Rio Vista bridge, in 
them Delta. A recent relocation of 

hway 12 has made an ideal area for fish 

release. An additional release site could be 
completed in about a year and a half. 

Suisun Marsh Facilities 

Suisun Marsh in in southern Solano County, 
west of the Delta and north of Suisun Bay 
(refer to Figure 1, in Chapter 1). This tidally 
influenced marsh is a vital wintering and nest- 
ing area for waterfowl of the Pacific Flyway, 
and it represents about 12 percent of Califor- 
nia's remaining wetland habitat. 

The Suisun Marsh Plan of ~rotection* and Suisun 
Marsh Preservation ~greemen t2 were developed 
to assure that a dependable water supply is 
maintained in the Suisun Marsh to offset di- 
versions by the Central Valley Project, State 
Water Project, and others. 

Suisun Marsh facilities will be operated to 
minimize marsh salinity only so far as opera- 
tions do not create a need for additional up- 
stream water releases, do not limit exports, do 
not harm fish, do benefit wildlife habitat, and 
do not require the Suisun Marsh Salinity Con- 
trol Gate flashboards to remain in place be- 
yond the time otherwise required to meet 
standards. 

Figure 18 is a map of the Suisun Marsh. Areas 
for compliance with the revised Decision 1485 
salinity standards are being phased in over 
time; monitoring at the first set of compliance 
sites started in October 1988, and the last site 
is to come on line in October 1997. Since Octo- 
ber 1988, compliance has been required for the 
eastern and northeastern regions of the marsh 
at Collinsville (C-2), National Steel (S64), and 
Beldons Landing (S49). 

1 

2 

I 

nh 1984, the Department of Water Resources published the Pbn ofProtectim fa the Suisun Marsh including 
Environmental Impact Report in response to Order 7 of Decision 1485. 
The U.S. Bureau of Reclamation, Department of Water Resources, Department of Fish and Game, and Suisun 

Conservation signed the Suisun Marsh Premation Agreement in 1987. 



nsure 18 
SUlSUN BAY AND SUlSUN MARSH 

The schedule for future compliance is: 

Odober 1993 -Western marsh ~ h a ~ e l s  at 
Chadbourne Slough at Chadbourne Road 
(S-21) and Cordelia Slough at Cordelia- 
Goodyear Ditch (S-97). 

October 1994 -Southwestern marsh chan- 
nels at Goodyear Slough, 1.3 miles south of 

Island Ditch (S-,5). 

October 1997 - Suisun Slough, 300 feet 
south of Volanti Slough (S-42). 
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cilities, of the Plan of Protec- 
0 and Phase 11, 
01 ~ a t e s l ,  began 
. Phases 111 and IV 

ined into the Western Suisun 
ontrol Project. Environmental 

r the project is a joint effort 
tion and Department of 
draft EIS/EIRis sched- 
5. Phase V will pro- 
ater supply for. the 

ly Island region; project planning and 
onmental documentation work is sched- 
to begin after the conclusion of the Phase 

Potrero Hills Ditch, 
indicate additional 

ty control is necessary. 

ctive of the Western Suisun Marsh 
ontrol Project is to restore and main- 

Suisun Marsh as a primarily 
arsh capable of producing high- 

and habitat for waterfowl and 
sh wildlife. The objective will be 
hen salinities in western marsh 

meet the standards specified in the 
's water rights Deasion 1485. 

Department of Water Resources will 
meeting northwestern marsh salinity 

on October 1,1993. If salinity con- 
achieved, then northwestern 

sh standards may be met independent of 
un Marsh Salinity Control Gate opera- 
and within the time set in Decision 1485. 
ter year 1994 is as dry as water year 
then an estimated continuous flow of 
ic feet per second of fresh water will 

eeded for January, February, and March 
30 cfs for April and May 1994 to meet 

ision 1485 standards in northwestern 
I l r s h  channels. 

In planning for the Western Suisun Marsh 
Salinity Control Project, the Department of 
Water Resources and Bureau of Reclamation 
have scheduled a test to determine if releases 
of North Bay Aqueduct water will provide 
salinity control in the northwestern marsh. 
North Bay Aqueduct water will be used to 
augment natural flow in Green Valley Creek, 
which enters the marsh near the junction of 
Interstate Highways 80 and 680 at Cordelia, in 
Solano County. Data collected during the test 
will provide information for the EIS/EIR on 
the project, and the test itself will meet salinity 
standards until permanent actions are in place. 

The test will be most useful if hydrologic 
conditions2 are dry. If conditions are above 
normal or wet, then the Bureau of Reclamation 
and Department of Water Resources will 
schedule the test for the following year (Sep- 
tember 1994 through September 1995). 

Facilities of the Suisun Marsh Plan of Protec- 
tion that could affect delta smelt are discussed 
in the following sections. Tho other factors in 
the marsh could also affect delta smelt: diver- 
sions by private landowners, and the Lower 
Joice Island fill/d.rain facility. These are also 

1 discussed. 

1 Suisun Marsh Salinity Control Gates 

Suisun Marsh Salinity Control Gates are about 
2 miles northwest of the eastern end of Monte- 
zuma Slough, near Collinsville. The structure 
spans Montezuma Slough, a width of 465 feet 
A schematic of the structure (Figure 19) shows 
the southern, or upstream, side. From left 
(west) to right (east), the structure consists of 
the following components: 

to as Montezuma Slough salinity control gates. 
Hydrologic conditions are based on Decision 1485 water year classification criteria. 



EMOVABLE FLASHBOARD 

RADIAL GATES 

Figure 19 
SUlSUN MARSH SALINITY CONTROL GATES 

A permanent barrier, 89 feet aaoss, extend- 
ing from the western levee to the flash- 
board module. 

The flashboard module, which provides a 
66-foot-wide maintenance channel through 
the structure that can be closed September 1 
through May 31. The flashboards can be 
removed if emergency work is required 
downstream of the gates, but removal 
requires a large barge-mounted crane. 

The radial gate module, 159 feet aaoss, 
containing three radial gates, each 36 feet 
wide. 

The boat lock module, 20 feet aaoss, which 
is operated when the flashboards are in 
place. 

A permanent barrier, 131 feet across, 
extending from the boat lock module to the 
eastern levee. 

An acoustic velocity meter is located about 300 
feet upstream (south) of the gates to measure 
water velocity in Montezuma Slough near the 
structure. Water levels recorders on both sides 
of the structure allow operators to determine 
the difference in water level above and below 
the gates. The three radial gates open and close 

automatically, using the water level andveloc- 
ity data. 

The Suisun Marsh Salinity Control Gates are 
operated from October 1 through May 31 (the 
"control season") to divert fresher water from 
the Sacramento River near Collinsville into 
eastern end of Montezuma Slough and pre- 
vent more saline Grizzly Bay water from en- 
tering the western end. Gate operation is 
necessary during the control season of below- 
normal, dry, and critical water years. The gates 
can be operated full time to divert the maxi- 
mum quantity of water from the Sacramento 
River or intermittently to divert only the quan- 
tity needed to meet Decision 1485 standards. 

During full operation, the gates open and close 
twice each tidal day (about 25 hours). The 
gates are open during the ebb tide, when the 
water level is higher on the Collinsville (up- 
stream) side, and remain open about 7 hours. 
The gates are closed during the flood tide, 
when water in Montezuma Slough begins to 
flow upstream toward Collinsville. 

The quantity of flow pumped by the gates 
according to the tides is primarily a function 
of the shape and sequence of ocean tides and 
hydrologic conditions in the Delta. When the 
gates are operating, flows past the gates vary 
from no flow when the gates are closed to 
several thousand cubic feet per second with all 
three gates open. During round-the-clock op- 
eration, the net flow through the gates is about 
1,800 cfs when averaged over one tidal day 
When the gates are not operating (June 
through September) and the flashboards are 
removed, net flow in Montezuma Slough over 
one tidal day is low, and often in the upstream 
direction (as estimated by hydrodynamic 
model simulations). Water is diverted from 
Montezuma Slough at individual diversion 
points onto Fish and Game and private.land 
along the slough and at the'~oaring River' 
Distribution System intake. 



of the Suisun Marsh Salinity Control 
er that which would have normally 
in a critically dry year. The gates 
red closed from March 1 through 
. Full gate operations were allowed 
March 27, as long as individual own- 

ot divert through unscreened diver- 
ce Roaring River is the only screened 

t duck clubs were unable to take 
May 1,1992, when pennit condi- 

e opinion ceased to be in effect. 

ring 1992, the biological opinion for winter- 
Chinook salmon dramatically changed 

to the new western Suisun Marsh salinity 
pliance sites (S-21 and S-97), the Depart- 

of Water Resources expects to operate 
Marsh Salinity Control Gates 

1 bore" from September 17,1993 through 
31,1994. 

protection This drain is privately owned and 
operated. 

Roe.ring River Distribution System 

oaring River distribution system is one 
tial facilities of the Plan of Protection. 
ing River diversion and distribution 
take is the largest diversion point off 

a Slough. The distribution system 
ight 60-inch intake culverts just to 
the original Roaring River Slough 
ith Montezuma Slough A40-acre 

nd, constructed for the new 
supplies water to Roaring River 

Flows through the culverts into the 
d by motorized slide gates on 

ontezuma Slough side and flap gates on 
motorized gates are adjusted 

ding on tide levels, the amount of diver- 
off Roaring River Slough, and season. 

ence of Roaring River Slough 
allyaperated flap gate that 

to drain water for flood 

Water is diverted into Roaring River intake 
pond on high tides to raise the normal water 
surface elevation in Roaring River Slough - 

above the adjacent marshlands. Wetlands 
south and north of Roaring River Slough then 
receive water from the slough at a steady flow, 
as needed. The pond is used to supplement the 
water supply in Roaring River Slough. In most 
cases, the wetlands continue to drain to Grizzly, 
Suisun, and Honker bays using existing facili- . 

ties. Wetland management operation scenar- 
ios and water demand from Roaring River and 
Montezuma Slough are discussed in the next 
section, "Discrete Diversions from Montezuma 
Slough". 

The new intake to Roaring River Slough is 
screened to prevent entrainment of fish larger 
than about 25 mm. The Department of Water 
Resources designed and installed the saeens 
using Department of Fish and Game criteria. 
The Bureau of Reclamation and Department of 
Water Resources provide routine screen main- 
tenance. 

The screen is a stationary, vertical screen con- 
structed of continuous slot, stainless steel wedge 
wire. One screen panel is constructed of copper- 
nickel alloy as a test of anti-biofouling materi- 
als (D. Hayes, DWR, pers comm). AU screens 
have 3/32-inch slot openings. Design approach 
velocity is 0.5 foot per second, the through- 
screen velocity specified by the Department of 
Fish and Game to protect juvenile salmon and 
striped bass, but during routine operation 
velocity is usually below this value. Flow 
through the fish screen is controlled by motor- 
ized slide gates on each culvert (maximum 
design flows occur only at high-high tide, with 
al l  slide gates open). 



The Department of Fish and Game and more 
than 30 private owners along Montezuma 
Slough divert water from the slough through 
more than 60 unscreened culverts of varying 
diameters. Most of these diversions are used to 
convert adjacent land areas to ponds for water- 
fowl management and hunting. Diversion rates 
are usually highest during October,, when the 
managed wetlands are flooded for the first time 
that year. Initial flooding requires about 2 weeks. 

' Discrete Diversions from 
Montezuma Slough 

Water management practices vary greatly in 
Suisun Marsh, but the Suisun Resource Con- 
sewation District is working to establish and 
enforce efficient management schedules for 
the private owners. During the control season, 
water is diverted from Montezuma Slough 
during initial flooding in October, for water 
circulation from November through mid- 
January, and during leach cycles from Febru- 
ary through May (Figure 20). 

LATE DRAWDOWN 
(ALKALI BULRUSH) 

WATER MANAGEMENT SCHEDULE 

The Department of Water Resources may 
screen the diversions from Montezuma 
Slough in the next two years. In 1994, DWR 
will install screens for culverts diverting water 
onto Grizzly Island Wildlife Refuge to offset 
losses of fish at Banks Pumping Plant. DWR is 
also considering screens for two culverts at the 
Lower Joice Island Fill/Drain Facility by 1995. 

Delta Cross Channel 
and Georgians Slough 

The Delta Cross Chamel is a gated diversion 
channel constructed in 1951 by the Bureau of 
Reclamation to augment the natural transfer of 
water from the Saaamento River near Walnut 
Grove into the central. and southern Delta. 
Water diverted from the Sacrax-wnto River into 
the Delta Cross Channel flows into Snodgrass 
Slough, then the Mokelumne River, the San 
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Figure 20 
TWO OPERATIONAL SCENARIOS FOR MANAGED 

WETLANDS IN SUlSUN MARSH 

Joaquin River, and various channels in the 
central and southern Delta, thus providing a 
more direct path for high quality Saaamento 
River water to the pumping plants in the 
southern Delta. The Cross Chamel gates are 
also operated for fish protection, flood control, 
water quality control, and recreational boat 
traffic. 

Flows into the Delta Cross Chamd are con- 
trolled by two 60-foot by 30-foot radial gates 
located at the Saaamento River end of the 



ng aoss channel. In accordance with 
1485, the gates are closed to avoid 

ng salmon whenever the daily Delta 
ow Index exceeds 12,000 cfs between 

ary 1 and April 15. From April 16 through 
31, the gates may be closed for up to 20 

s, at the discretion of Fish and Game, to 
d diverting striped bass if the Delta Outflow 

ex exceeds 12,000 cfs. Such closures may be 
no more than 2 out of 4 consecutive days. 

Delta Cross Channel gates are also closed 
n flows in the Sacramento River at Sacra- 
o exceed about 25,000 cfs to reduce scour 

downstream side of the gate structure 
o limit high flows and velocities that 
t otherwise occur on the Mokelumne 
side of the Cross Channel. On occasion, 

gates may be operated to regulate flow in 
Saaamento River to help meet the Deci- 
1485 salinity standard at Emmaton. 

"reasonable and prudent alternatives1' con- 
ed in the biological opinion for Chinook 

n require closure of the Delta Cross 
nel gates from February 1 through 
30 to avoid diversion of juvenile winter- 

nook salmon. Also, the gates must be 
rated to minimize diversion of juvenile 

-run based on real-time monitoring for 
resence in the lower Saaamento River 

October 1 through January 31. 

Slough, just south of the Delta 
is a natural Delta channel and, 

is the main channel for 
the Sacramento River 

central Delta, and 
plants in the south- 

Contra Costa Canal 

The Contra Costa Canal, which began opera- 
tions in 1940 and was completed in 1947, origi- 
nates at Rock Slough, about 4 miles southeast ' 

of Oakley. Water for irrigation and municipal 
and industrial use is lifted 127 feet by a series 
of four pumping plants. The 47.7-mile canal 
terminates in the Martinez Reservoir. The in- 
itial diversion capacity is 350 cubic feet per 
second, which gradually decreases to 22 cfs at 
the terminus. Historically, pumping has ranged 
from about 50 to 250 cfs, and varies seasonally 
(Figure 21). Two short canals, Clayton and 
Ygnacio, are integrated into the system. 

The Bureau of Reclamation and Contra Costa 
Water District, along with the National Marine 
Fisheries Service and U.S. Fish and Wildlife 
Senrice, are developing a monitoring program 
to determine whether fish species of concern 
are being entrained into Contra Costa Canal 
and, if so, the levels of entrainment. Of princi- 
pal concern are winter-run Chinook salmon 
and delta smelt, with slightly lesser concerns 
for Sacramento splittail and longfin smelt. The 
monitoring program is scheduled to begin by 
1994. 

When originally built, Contra Costa Canal had 
a fish screen at its entrance. It has since been 
removed, probably because it prevented fish 
from using 4 miles of canal before the first 
pumps were encountered. Biologists likely be- 
lieved the unrestricted rearing habitat and 
production of fish in the 4 miles of canal below 
the pumps was more valuable than a fish 
screen to prevent losses. Section 3406@)(5) of 
the Central Valley Project Improvement Act 
requires construction and operation of fish 
screening and recovery facilities to mitigate 
for fishery impacts resulting from operations 
of Contra Costa Canal Pumping Plant No.'l. 

41 
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Figure 21 
AVERAGE MONTHLY caNTRA COSTA CANAL PUMPING, WATER YEARS 1978 TO 1990 

From the DAYROW Database. 

North Bay Aqueduct 

In 1987, the State Water Project began pumping 
from Barker Slough through the North Bay 
Aqueduct to meet project entitlements in Napa 
and Solano counties (see Figure 1, in Chapter 1). 
Ultimate scheduled annual deliveries are 
expected to be about 67,000 acre-feet. Maxi- 
mum pumping capacity is about 175 cubic feet 
per second (pipeline capacity). Daily pumping 
rates have ranged between 0 and 90 cfs (Fig- 
ure 22). The average annual pumping rate is 
35 cfs. 

Water diversion to the North Bay Aqueduct 
has improved water clarity and dissolved oxy- 
gen and decreased specific conductance due to 
downstream water being drawn into the 
Barker/Lindsey Slough complex (Kano 1990). 
Pumping rates could increase by 30 to 50 cubic 

feet per second in dry years when additional 
water may be needed to help meet new water 
quality standards in western Suisun Marsh. 

In response to fisheries concerns, the Depart- 
ment of Water Resources constructed a state- 
of-the-art positive barrier fish saeen at the 
Barker Slough intake. The saeen consists of a 
series of flat, stainless steel, wedge-wire panels 
with a slot width of 3/32 inch designed to 
exclude fish 25 mm or larger from being 
diverted. A low approach velocity (0.5 feet per 
second) prevents them from being impinged 
onto the screens. The screens are routinely 
cleaned to prevent head loss across the screen 
face, which would result in increased approach 
velocities. Screen design and maintenance were 
developed in cooperation with and final 
design approved by the Department of Fish 
and Game. 
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The fish screen approach velocity criteria now 
used by Fish and Game is 0.33 foot per second 
for continually cleaned screens and 0.0825 fps 
for non-continuously cleaned screens. Non- 
continuously cleaned saeens require cleaning 
before through-screen velocities exceed 0.33 
fps (DFG 1993). 

The effectiveness of this screening criterion to 
protect delta smelt adults or juveniles from 
entrainment is not known, because no data are 
available to define screening criteria for delta 
smelt. Suitable surrogate species are being 
evaluated to study for development of interim 
screening criteria. Delta smelt target size and 
life stage need to be determined before surro- 
gate species can be selected and the studies 
conducted. In absence of specific approach 
velocity criteria for delta smelt, the U.S. 
Fish and Wildlife Service has used a 0.2-fps 
criterion established for American shad 
(USFWS 1993b). 

The Department of Fish and Game conducted 
pre- and post-installation monitoring studies 
to evaluate impacts of the North Bay Aque- 
duct on fish. Results of these studies are dis- 
cussed in Chapter 5. 

South Delta 
Temporary Bamers Project 

The existing South Delta Temporary Barriers 
Project consists of installation and removal of 
temporary rock barriers at the following loca- 
tions: 

Middle River near Victoria Canal, about 
0.5 mile south of the confluence of Middle 
River, Trapper Slough, and North Canal. 

Old River near Tracy, about 0.5 mile east of 
the Delta-Mendota Canal intake. 

I 
Head of Old River near San Joaquin River, 
within0.1 mile west of the confluence of the 

I 
two rivers. 

The barriers on Middle River and Old River 
I 

near Tracy are tidal control facilities designed to 
improve water quality and water levelsin south- 
ern Delta channels during irrigation season The 
barrier at the head of Old River near San Joaquin 
River is designed to improve conditions in 
the San Joaquin River during fall Chinook 
salmon migration. 

Although the barriers are temporary struc- 
tures, some variation of the program will 
likely be in place through 1995. The original 
barrier schedule is shown on Figure 23'. Vari- 
ations such as hydrology and endangered spe- 
cies constraints have modified the installation 
schedule each year the project has been in 
place. Figure 23 also shows when each barrier 
has been in place.from 1987 to 1993. 

Installation of the Old River near San Joaquin 
River barrier is permitted by the Corps of 
Engineers from 1968 until 1997. In 1993, the 
Middle River and the Old River near Tracy 
barriers were permitted to be in place be- 
tween June 1 and September 30 on an annual 
basis until 1995. However, the Department of 
water Resources will submit a permit request 
for the 1994 program to allow installation of 
all four barriers described in the original pro- 
gram schedule. 

If the barriers prove effective in helping pan 
Joaquin River salmon and enhancing southern 
Delta farmers' ability to manage their water 

I 
supply, and if  they are shown to ,have mini- 
mum negative impacts, the eventual goal will - 
be to install them routinely during s p r i n g ~ d  : 

:I 
I 

1 Figure 23 includes a fourth barrier, on Grant Line Canal, which has nwer been installed and, therefore, is not .> 

included in this discussion.of existing facilities. DWR will be requesting that the existin permits be amended, , 
to allow installation of this barrier in 1994. This request will be addressed in a separate LC tion 7 cixisultatim. I 



Figure 23 

1987 TO 1993 

summer of many years. Should this occur, 
design of the barriers will be changed to a 
permanent structure such as a radial gate. 

Following are general descriptions of the three 
temporary barriers. 

Head of Old River near 
San Joaquin River 

The barrier at the head of Old River consists 
of about 1,800 cubic yards of rock and sand 
placed across Old River about 0.5 mile west of 
its confluence with the San Joaquin River. The 
barrier is about 200 feet long, and 50 feet at its 
widest point. Side slopes are 1.5 vertical to 1 
horizontal. Although the barrier is designed to 
allow no flow of water over it, it is notched to 
allow passage of any adult salmon that may be 
migrating up through Old River to the San 
Joaquin River. The fall barrier does not have 
boat portage facilities. 

When the barrier period is over, all rock is 
removed and stockpiled for use during the 
next installation. The barriers are designed not 
to impede floodflows, and their installation 
should not compromise chamel integrity. 

Old River near Tracy 

The proposed temporary tide control facility 
is in the same location as a temporary barrier 
installed for 3 months during the drought in 
1977 and for about a month in 1991. In 1993 
this barrier was installed on June 5. The De- 
partment of Water Resources will propose to 
amend existing permits to allow installation of 
this barrier as early as April 1,1994. 

About 5,700 cubic yards of rock and sand is 
placed across Old River near Tracy about 0.5 
mile west of the Delta-Mendota Canal intake. 
The barrier is about 250 feet long and 100 feet 
at its widest point. Nine 48-inch pipes, each 



56 feet long with flapgates, are placed in the 
barrier to permit flow in one direction. Crest 
elevation is +2.0 feet, which allows water to 
flow over the top of the barrier during flood 
(incoming) tides. During ebb tides, the aest 
elevation will retain the tidal volume below 
the +2,0-foot elevation. 

The invert of the pipes is at minus 6.0 feet 
elevation (NGVD). The structure allows tidal 
flows to enter the channel upstream of the 
barrier and be retained as the tide ebbs, so 
agricultural pumps can divert water with less 
probability of pump damage. Also, the barrier 
changes circulation flows and may dilute 
return agricultural drainage to improve the 
quality of local agricultural diversions. 

Boat portage facilities consist of two boat 
launching ramps and an operated vehicle that 
tows a universal boat trailer. Boats are loaded 
onto the trailer and towed up one side of the 
barrier and lowered to the other side. Six 
marking buoys are placed about 70 feet apart, 
three upstream and three downstream, about 
200 feet from the centerline of the barrier. Two 
signs on top of the barrier provide notice to 
boaters. 

When the barrier period is over, all rock is 
removed and stockpiled for future use. The 
barriers are designed not to impede flood- 
flows, and their installation should not com- 
promise channel integrity. 

Middle River near Victoria Canal 

The Corps of Engineers authorized annual 
placement of a barrier at this location until 
1992. It was installed seasonally from April 
through September. In 1993, this bamer was 
incorporated into the South Delta Temporary 
Barrier Project permit and was installed on 
June 15. 

About 4,800 cubic yards of rock and sand is 
placed aaoss Middle River to construct a 270- 
foot-long berm with a removable center sec- 
tion. Each end of the barrier, near the 
abutments, contains three 48-inch pipes with 
flapgates. The barrier ends and pipes remain 
in place all year. The tide gates are tied open 
when the center section is removed. The center 
section is 140 feet long with side slopes of 
2 horizontal to 1 vertical. Crest elevation of the 
center section is 2 feet lower than the abut- 
ment, allowing some flow over the barrier, 
even at times other than high tide. The boat 
portage facility at this site is a gravel ramp that 
can be used to carry or drag a small boat aaoss 
the barrier. 

Friant Division of the 
Central Valley Project 

Friant Dam, the main feature of the Friant 
Division, regulates and diverts the flow of I the upper San Joaquin River. Millerton Lake, 
behind Friant Dam, has a maximum storage 
capacity of 520,500 acre feet. Average annual 
runoff of the upper San Joaquin River is 
1.8 million aae-feet. The Bureau of Reclama- 
tion has contracts to deliver 2.2 MAF per year 
in the Friant service area, which extends from 

I 
Madera County to Kern County. About 0.8 
MAF of the total water contracted is Class I, 
about 1.4 MAF is Class 11, the difference being 

I 
reliability of the water supply. In all but the 
driest years, 100 percent of Class I water is 
allocated, whereas the amounts of Class I1 

I 
water that can be regulated for delivery de- I pend on the magnitude and timing of runoff 
and regulation of the runoff by reservoirs up- 
stream of Friant. I 
The Madera Canal and Friant-Kern Canal , 
originate at Friant Dam and convey water 
north andlsouth, respectively, to CVP contrac--,::' + 

tors within the Friant service area. Capacity 06 
I 
I 



Canal is about 5,300 cfs at the 
Capacity of the Madera Canal is 
cfs at the headworks. 

ration of Friant Dam focuses on regulation 
conservation of the water supply to maxi- 
e the amount of water available for deliv- 

ar. Because of the relatively small 
conservation storage available in 

on Reservoir compared to the typical 
emphasis is placed on ensuring suffi- 
ater is available for delivery in a pattern 
nt with contractors' water demands. 

California Edison Company oper- 
tem of reservoirs, powerplants, and 
duits in the upper San Joaquin basin 

significantly regulates inflows to Miller- 
Lake. An operating contract between the 
eau of Reclamation and Edison is the basis 

ing coordination of Friant operations 
operation of Edison's system. This 

nt, called the Mammoth Pool Con- 
as intended to reconcile the rights of 
parties to use San Joaquin River water. 

ement was entered in 1957, before 
ion of Mammoth Pool reservoir. 

nt Dam is also operated for flood control. 
to 170,000 acre-feet of space may be re- 
ed to regulate inflows. Snowmelt flood 
01 releases may be required in years when 
mbination of reservoir storage and water 

es is not sufficient to safely regulate 
snowmelt runoff. To evacuate the flood 
01 pool at Friant, releases may be made 

Madera Canal or Friant-Kern Canal if 
a need for the water; otherwise the 
discharged to the San Joaquin River. 

Bureau of Reclamation releases water into 
th an Joaquin River to provide a minimum 

of 5 cubic feet per second at Gravelly 
. This ensures that water will be available 

fo 1 'version by water right holders on the San 
Jo uin River between Friant Dam and Grav- 
ell Ford. These releases may vary seasonally P 

from a few cubic feet per second in winter to 
100 cfs during peak irrigation season. No other 
releases are made to the San Joaquin River 
those required for flood control. Beyond Grav- 
elly Ford, the San Joaquin River has little or no 
flow until Mendota Pool. 

When flood control releases are made from 
Friant, excess flow in the San Joaquin River 
may reach Mendota Pool, where i t  can be 
diverted for use by the San Joaquin River 
Exchange Contractors. 

Concerns about levee scouring in the San Joaquin 
River downstream of the bifurcation structure 
for the Chowchilla Bypass have restricted flow 
to only about 1,300 cubic feet per second in 
that section of the river. However, flows in 
excess of that are rare, not well forecastable, 
and of short duration. 

Excess flows entering the Chowchilla Bypass 
are the only other means by which releases 
from Friant Dam can reach the Delta. Such a 
condition last occurred in March through June 
1993. 

New Melones Dam and Reservoir 

New Melones Dam is on the Stanislaus River, 
about 35 miles northeast of Modesto. It is an 
earth and rockfill structure 625 feet high with 
a capacity of 2.4 million aae-feet, 450,000 of 
which is reserved for flood control. The dam 
was built by the U.S. Army Corps of Engineers 
and transferred, when completed in 1979, to the 
U.S. Bureau of Reclamation for operation and 
maintenance as the key feature of the East-Side 
Division of the Central Valley Project. 

Project purposes are flood control, power gen- 
eration, irrigation supply, water quality con- 
trol, fishery enhancement, and recreation. 
Operations of New Melones and Tulloch res- 
ervoirs are coordinated, per agreement with 



Tri-Dam Project, with Tdoch Reservoir oper- 
ated as an afterbay. Goodwin Dam, just down- 
stream of Tulloch, ads as a diversion structure 
to provide irrigation water to Oakdale Irriga- 
tion District and South San Joaquin Irrigation 
District to meet their water rights under an 
agreement with the Bureau of Reclamation. 

Under terms of State Water Resources Control 
Board Water Right Decision 1422, water qual- 
ity objectives for New Melones are: 

Dissolved oxygen of 7.0 mg/L or higher at 
all times at the Stanislaus River at Ripon 

.Total dissolved solids of 500 mg/L 
(monthly average) at the San Joaquin River 
near Vernalis. 

Decision 1422 calls for up to 98,000 aae-feet to 
be released for maintenance of fish and wild- 
life. The fishery enhancement is mainly flow 
augmentation, including spring pulse flows in 
April and May, fall attraction flows in October, 
and maintenance of minimum flows in other 
months. The spring pulse flows have been 
intended in the past for assisting outmigrating 
salmon smolts, but they also contribute to San 
Joaquin River pulse flows for delta smelt and 
other species. The fall attraction flows also 
tend to increase the dissolved level at Stock- 
ton, but they are relatively inefficient because 
much of the flow released to the San Joaquin 
River is lost to Old River and, therefore, does 
not support the flow past Stockton 

In addition, special consideration is given each 
fall to releases requited to meet the 56'F target 
on the lower Stanislaus River. 

Coordinated Operation Agreement 

The Central Valley Project and State Water 
Project use the Saaamento River and the Delta 
as common conveyance facilities. Reservoir 
releases and Delta exports must be coordi- 

nated to ensure that each of the projects retains 
its portion of the shared water and bears its 

I 
share of the obligation to protect beneficial I 
uses. 

The Coordinated Operation Agreement between 
the U.S. Bureau of Reclamation and the Cali- 
fornia Department of Water Resources became 

I 
effective in November 1986. The agreement 
defines the rights and responsibilities of the 
CVP and SWP regarding Saaamento Valley 

I 
and Delta water needs and provides a means 
to measure and account for those responsibi- 
ties. The Coordinated Operation Agreement 
includes a provision for its periodic review. I 
Obligations for In-Basin Uses . I 
In-basin uses are defined in the Coordinated 
Operation Agreement as legal uses of water I 
in the Sacramento Basin including the water 
required under the Delta standards found in 
SWRCB Decision 1485 (D-1485)". The CVP and 
SWP are obligated to ensure that water is avail- 

I 
able for these specific uses, but the degree of 
obligation depends on several factors and 
changes throughout the year. 

I 
Balanced water conditions are defined in the 1 
Coordinated Operation Agreement as periods 
when the two projects agree that releases from 
upstream reservoirs plus unregulated flows 
are about equal to the water supply needed to 

I 
meet Sacramento Valley in-basin uses plus 
exports. Exrcess water conditions are periods 
when the CVP and SWP agree that releases 

I 
from upstream reservoirs plus unregulated 
flow exceed Sacramento Valley in-basin uses I 
plus exports. 

During excess water conditions, sufficient I 
water 3 available to meet all demands and 
requirements; under these conditions, the., 
CVP and SWP have agreed in the Coordinated : I 
Operation Agreement to store and export as 2 I 

much water as possible. I 



When real-time operations dictate CVP and 
SWP actions, an accounting procedure tracks 

schedules to use each project's facilities tion. 
umping and conveyance. During any given year, water conditions can 

Coordinated Operation Agreement 

the Coordinated Operation Agreement. The 
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two ESA restrictions that have affected coordi- 
nated operations between the CVP and SWP 
are the QWEST standard and the take limita- 
tions at the export pumping facilities. 

The QWEST standard is a CVP/SWP opera- 
tional limitation implemented in the long-term 
winter-run Chinook salmon biological opinion 
and the 1993 delta smelt biological opinion 
Technically QWEST is an index of reverse flow 
in the lower San Joaquin River. QWEST regu- 
lates the amount of CVP/SWP export capability 
based on the Delta hydraulic conditions of the 
San Joaquin River, eastside streams (Mokel- 
umne, Cosumnes, and Calaveras rivers), Delta 
precipitation and estimated local consumptive 
use, Sacramento River flow, and Delta Cross 
Channel operations. QWEST conditions can be 
operationally influenced through three control- 
lable mechanisms: Delta Cross Channel opera- 
tions, Sacramento River flow, and total CVP/ 
SWP export pumping. 

QWEST is a a constraint that was considered 
or even contemplated in negotiations and 
studies that led to the Coordinated Operation 
Agreement. The Decision 1485 standards con- 
tained in the Agreement are water quality and 
Delta outflow standards, not export restric- 
tions based on Delta hydraulic conditions. 
Imposition of QWEST on combined project 
operations has created a number of key coor- 
dination issues: 

The definition of balanced water conditions 
is not appropriate when QWEST is the con- 
trolling Delta criterioh 

The priority of CVP or SWP export pump 
ing during periods when QWEST is the 
controlling constraint is not defined. 

The responsibility for satisfying QWEST 
with releases from upskam reservoirs 
when both projects continue exports is not 
defined. 

How the benefits of Delta Crok Channel 
gate operations are now to be applied to 

I 
CVP or SWP export capability has not been 
determined. I 

The long-term winter-run Chinook salmon 
biological opinion and the 1993 delta smelt 
biological opinion both contain provisions for 

I 
incidental take limitations at the combined 
CVP/SWP export facilities. Neither addresses 
operation of the individual export facilities; 

I 
rather they require coordinated operation of 
the CVP and SWP to address endangered spe- 
cies take. The present Coordinated Operation 

I 
Agreement has no provision to address indi- 
vidual project responsibility for endangered I 
species take. 

As a result of QWEST and take limitations in I 
the Delta, the Coordinated Operation Agree- 
ment relationship between the CVP and SWP 
has been clouded to the point that individual 
project operations cannot be forecast satisfac- 
torily on a long-term basis. The operational 
relationships between the water projects are 
complex and cannot be fully addressed until 
all operational and regulatory issues in the 
Delta are firm. Operations required by the 
Endangered Species Act affect the Coordinated 
Operation Agreement and, in turn, the COA 
affects ESA operations. 

In 1993, the CVP and SWP were not operated 
in strict accordance with the Coordinated 
Operation Agreement concerning sharing the 
available water supply. By mutual agreement, 
in light of Endangered Species Act require- 
ments, the Bureau of Reclamation and Depart- 
ment of Water Resources have apportioned 
the water supply and responsibility for Delta 
standards between the projects. Operations in 
1993 were complicated by problems meeting 
the QWEST standard, the take limits for winter-. 
run Chinook salmon and delta smelt, and theai 
CVPIA operational prescriptions. A wet winters 



measured by the Delta Outflow Index. 

Because of the hydraulic characteristics of the 
Delta, some standards are managed more effi- 
ciently through export curtailments; others are 
managed more efficiently through flow in- 
creases. For example, the Contra Costa and 
Jersey Point standards are managed more effi- 

ficial uses protected by Decision 1485 levels are expected to provide a reasonable 

de agriculture, M&I, and fish and wild- margin of error against noncompliance with 

Delta standards apply throughout the year Decision 1485 should adverse or unforeseen 

become more critical whenever balanced conditions arise. 

makes short-term curtailments, because its 
ability to recover from such curtailments is 
significantly greater than that of the CVP. 

SWP to comply with the water quality Sherman Island, where the Emmaton recorder 
is located. Closing the Delta Cross Channel 
gates increases flow in the Sacramento River 
and reduces flows in the lower San Joaquin 
River. Without additional outflow water, re- 
verse flows on the San Joaquin side of the 
Delta result in increased salinity in the central 
and southern Delta. For this reason, the Delta 
Cross Channel gates can usually be closed for 
only a day or two before deteriorating water 
quality on'the San Joaquin River side of the 

pending on the water year dassificationl, Delta requires that the Cross Channel gates be 
plying with the Decision 1485 Delta water reopened. 
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Another way to inaease flows on the Sacra- 
mento River is to increase the releases from the 
CVP and the SWP. The approximate lag times 
for releases from the two projects to reach the 
Delta are shown below. 

Dam r 
Nimbus (Folsom) American 
Oroville Feather 

1day 
3days 

Keswick (Shasta) Sacramento 5 days 
In a typical water year, releases may be 
inaeased simultaneously on all three rivers. 
The largest initial release increase would be on 
the American River. Then, as inaeased re- 
leases in the Feather and Saaamento rivers 
reach the Delta, the American River release 
would be decreased accordingly. 

Winter-Run Chinook Salmon 
Bioloeical O~in ion  

On February 12, 1993, the National Marine 
Fisheries Service released the Biological Opin- 
ion for the Operation of the Federal Central Valley 
Project and the California State Water Project, 
concerning Sacramento River winter-run 
Chinook salmon. The biological opinion con- 
tains ''reasonable and prudent alternatives" to 
be implemented by the Bureau of Reclama- 
tion, Department of Water Resources, and 
other agencies to avoid jeopardizing Saaa- 
mento River winter-run Chinook salmon in 
the long-term operation of the water projects. 
It also contains an incidental take statement 
with terms and conditions that must be com- 
plied with to monitor and/or minimize the 
incidental take of winter-run Chinook salmon. 
The actions identified in the reasonable and 
prudent alternative and in the reasonable and 
prudent measures in the incidental take state- 
ment are discussed below. 

Reasonable and Prudent Alternatives 

Actions 1 through 5 concern the Shastallbin- 
ity and Saaamento River Divisions of the etPn- 
tral Valley Project. Action 6 pertains to gate 
operation at Red Bluff Diversion Dam. These 
actions will not directly affect delta smelt, so 
they are not discussed here. 

Actions 7 through 13, conce&ing the Delta 
Division of the Central Valley Project and %he 
State Water Project, are discussed below. 

7. The Bureau must maintain the Delta C m  
Channel Gates in the closed position from 
February 1 through April 30 to reduce U s  
diversion of juvenile winter-run Chinook 
salmon emigrants into the Delta. 

The purpose of this action is to improve over- 
all survival of the winter-run Chinook salmon 
emigrant population by reducing the n d e r  
of fish exposed to adverse conditions in the 
central Delta. Sampling in the Delta indicates 
February through April is the primary period 
of winter-run Chinook salmon emigration 
through the Delta. This action will reduce flow 
in the lower Mokelumne River and lower San 
Joaquin River and, therefore, QWEST. 

8. Based on the observations of a real-time 
monitoring program in the lower Sacramento 
River, the Bureau must operate the gates of 
the Delta Cross Channel during the period of 
October 1 through January 31 to minimize the 
diversion of juvenile winter-run Chinook 
salmon into the central Delta The Bureau must 
develop the real-time monitoring program and 
fisheries criteria for gate closures and open- 
ings in coordination with the National Marine 
Fisheries Service, U.S. Fish and Wildlife Service, 
California Department of Fish and Game, and 
the California Department of Water Resources 
by August 1,1993. The Bureau must e m r e  
that continuous real-time monitoring Is con- 
ducted between October 1 and January 31 of 
each year commencing in 1993. 



oring for winter-run Chinook salmon 
aid delta smelt. To the extent 
toring program will indirectly 

information about the presence and 
ution of delta smelt, it will contribute to 
dy of knowledge on delta smelt. 

d on 14-day running average of 
in ds, the Bureau and the California 

epartment of Water Resources must oper- 
e the Delta water export facilities to achieve 

reverse flow In the western Delta from 
bruary 1 through April 30. The 7-day run- 

ng average, if negative, must be within 
000 cfs of the applicable 14-day running 
erage during this period. F 

ting reverse flows in the western Delta 
ebruary through April may reduce 
of winter-run salmon juveniles in the 

. As discussed in Chapter 5, the influence 
e flows on survival of delta smelt and 
cies is inconclusive. 

Based on the 14-day running average of 
EST in cfs, the Bureau and the California 
rtment of Water Resources must operate 
elta export water facilities to achieve flow 

western Delta greater than negative 
ds from November 1 through January 

. The 7-day running average, if negative, 
st be within 1,000 cfs of the applicable 
-day running average during this period. 

g lower reverse flows in the lower 
oaqum River may reduce losses of juvenile 
r-run Chinook salmon pre-smolts from 

through January. The effect of this 
on delta smelt, although not well 

erstood, is discussed in Chapter 5. 

. Continue and expand monitoring of winter- 
n Chinook salmon in the lower Sacramento 

and Sacramento-San Joaquin Delta to 
lish their presence, residence time, and 

e as a basis for the real-time manage 
t of Delta Cross Channel gate operation. 

Monitoring for winter-run Chinook salmon 
will not directly aid delta smelt. To the extent 
the monitoring will indirectly collect informa- 
tion about the presence and distribution of 
delta smelt, it will contribute to the body of 
knowledge on delta smelt. 

12. The Bureau in coordination with the Contra 
Costa Water District must develop and imple- 
ment a program to monitor entrainment loss 
of winter-run Chinook salmon juveniles at the 
Rock Slough intake of the Contra Costa Canal. 

A program to monitor winter-run Chinook 
salmon at the Contra Costa Canal will begin 
when the monitoring plan has been reviewed 
and approved by the National Marine Fisher- 
ies Service. Monitoring for delta smelt is 
required by a biological opinion for the Los 
Vaqueros Project. A monitoring plan must be 
submitted to the U.S. Fish and Wildlife Service 
by early December 1993, and monitoring must 
begin within 4 months after approval of the 
plan. 

13. The Bureau and Department of Water 
Resources in cooperation with California Depart- 
ment of Water Resources [actually meant DFG] 
must monitor the extent of incidental take 
associated with operation of the Tracy and 
Byron [Banks] pumping facilities. 

The Bureau of Reclamation and Department of 
Water Resources have instituted measures and 
procedures to better monitor for winter-run 
Chinook salmon and delta smelt at CVP and 
SWP fish protective 'facilities. 

1 Reasonable and Prudent Measures 
in the Incidental Take Statement 

Measures 1 through 8 concern operation of the 
Shasta, Trinity, and Sacramento River division. 
These actions will not directly affect delta 
smelt. 



Measures 9 through 13 concern Delta opera- 
tions of the Central Valley Project and the State 
Water Project. 

9. The DWR and the Bureau are authorized to 
take up to 1 percent of the estimated number 
of out migrating smolt winter-run incidental to 
the operation of the Delta pumping facilities at 
Byron and Tracy. 

In 1993, these incidental take limitations 
significantly reduced the export capability of 
the water projects, particularly the SWP. (In 
1993, exports were reduced by 525,000 aae- 
feet due to winter-run smolt take at the state 
facilities.) This will reduce incidental take of 
delta smelt, particularly in winter and sum- 
mer. The potential effect of export reductions 
on delta smelt is discussed in Chapter 5. 

10. The California Department of Water 
Resources in coordination [with] the Bureau 
must develop and implement a program of 
Chinook salmon investigations at the Suisun 
Marsh Salinity Control Structure and within 
Montezuma Slough. 

The Department of Fish and Game has con- 
tinued a sampling program to monitor and 
assess the effects of Montezuma Slough gate 
operations on juvenile and adult salmon 
migration and predation levels near the gates. 
This program was a permit requirement for 
construction and operation of the salinity 
control gates under the Suisun Marsh Plan 
of Protection, which is coordinated between 
the Department of Water Resources ;~nd the 
Bureau of Reclamation. 

1 1. The Bureau and California Department of 
Water Resources must ensure that the fish 
collection facilities are fully staffed for moni- 
toring incidental take and the screens fully 

operated whenever Tracy and Banks pumping 
plants are in operation from October 1 
through May 31. 

The CVP and SWP fish collection facilities are 
fully staffed, and screens will be operated in 
accordance with the agreed salmon criteria. 
Salvage procedures to be used during the 
1993-94 season are being developed by the 
Interagency program1 work group on winter- 
run loss, salvage, and monitoring. These pro- 
cedures will be in place by October 1,1993. 
Operation of the fish facilities is critical for 
compliance with take limitations for winter-run 
Chinook salmon and delta smelt. 

12. The Bureau in coordination with the Cali- 
fornia Department of Water Resources must 
develop and implement a demonstration 
screening program designed to promote the 
advancement of state-of-the-art positive- 
barrier screening technology at small un- 
screened diversions along the Sacramento 
River and within Delta waterways. 

The Bureau of Reclamation sponsored a screen- 
ing workshop in spring 1993. A fish screen dem- 
onstration program has been implemented, 
and the Department of Water Resources is test- 
ing a rotating drum screen for Delta agricul- 
tural diversions as part of the Interagency 
Program agricultural diversion studies. 

13. The Bureau in coordination with the Cali- 
fornia Department of Water Resources must 
submit daily, weekly, and annual reports to the 
National Marine Fisheries Service regarding 
operation of project facilities, temperature and 
hydrological conditions, and the results of 
monitoring programs. 

Reporting procedures are in place and data are 
routinely transmitted to the National Marine 
Fisheries Service, California Department of Fisli 

! 

'Ih.='I'E2$F" Ecological Studies Program for the SacrammteSan Joaquin Estuary was fonned in 1970.1111 4 ' - 

1993, agencies are the California De artment of Water Resources, US. Bureau of Reclamation, 1 

California Department of Fuh and Game, uI. FA and Wiidlife Service, US. ~eologid ~umey, state ~ a b  ' 
Resources Confro1 Board, U.S. Army Corps of Engineers, and US. Environmental Protection Agency. * 



Game, and U.S. Fish and Wildlife Service, 

The Bureau must establish a working 
and management group that in- 
National Marine Fisheries Service 

address the implementation of the reason- 
alternative. 

operations and management group was 
in June 1993 and will continue to 

to consider issues involving 
the reasonable and prudent 

. The Bureau, in coordination with Water 
esources, mus t  develop new sampling 
d analytical methodologies for estimating 

Chinook salmon salvage and loss 
mbers at the fish collection facilities that is 
ceptable to the National Marine Fisheries 

ervice. 

Bureau of Reclamation and Department of 
urces have adopted procedures 

tirnating winter-run salvage and losses 
on recommendations by the loss, sal- 

, and monitoring work group. The proce- 
es have been reviewed by statisticians for 
Department of Fish and Game. Sampling 

lysis may be limited by the scarcity of 
n Chinook, by uncertainties inherent 

entification, and by factors used 
observations to estimated losses. 

rience and further experimentation may 
e some of the uncertainty. 

Bureau must develop, in consultation 
National Marine Fisheries Service, a 

Chinook population model that 
be used to evaluate the long-term effects 

CVP operations plans on the winter-run 
hinook salmon survival and recovey 

salmon population models exist, but 
for evaluatinng the effects of 

on winter-run Chinook. 

Delta Smelt Biological Opinion 

On May 26, 1993, the U.S. Fish and Wddlife 
Service released a biological opinion, F o m l  
Consultation on Central Valley Project Operations 
Criteria and Planfir 1993: Eflects on Delta Smelt. 
This opinion was the result of an April l,l993, 
request by the Bureau of Reclamation for a 
formal consultation pursuant to Section 7 of 
the Endangered Species Act. 

This biologid opinion addresses effects of 
proposed operations and planning of the 
Central Valley Project and State Water Project 
beginning February 15,1993, and ending Feb- 
ruary 15,1994, which include modifications on 
delta smelt that will result from the long-term 
winter-run biological opinion. 

Reasonable and Prudent Measures 

The biological opinion established the follow- 
ing reasonable and prudent measures to mini- 
mize the impact of the incidental take of delta 
smelt. 

1. Improve salvage operations at Tracy and 
Skinner Fish Protection Facilities during the 
spawning interval. 

2. Improve .estimates of larval and juvenile 
delta smelt take at the Tracy and Skinner Fish 
Protection Facilities during the spawning 
interval. 

Operations of Tracy and Skinner Fish Protec- 
tion facilities have been addressed through 
ongoing consultations with the Department of 
Fish and Game and National Marine Fisheries 
Service. Procedures to improve estimates of 
delta smelt take have been implemented. 

3. Decrease pumping at the Barker Slough 
intake on the North Bay Aqueduct during the 
spawning interval. 

The Department of Water Resources and Bureau 
of Reclamation are evaluating the feasibility 



of developing water storage and/or water 
exchanges to meet part of the water supply 
demands of the North Bay Aqueduct when 
delta smelt are present in Barker Slough. This 
would allow some pumping to be shifted from 
periods when smelt are present to when they 
are not. Other options include real-time 
monitoring for smelt in the slough to allow 
regulation of pumping rates. 

4. Decrease pumping at the Federal Tracy and 
State Banks pumplng plants during the inter- 
val when large numbers of larval and juvenile 
delta smelt appear at the Federal and State 
fish screens. 

Operations of the Tracy and Banks pumping 
plants include reductions in pumping levels in 
response to increased delta smelt take. 

5. Set QWEST requirements that reduce delta 
smelt juvenile and adult losses in August and, 
January and February, respectively. 

QWEST requirements were set by Condition 5 
(below) and have been met to date. 

Terms and Conditions 

The biological opinion also imposed the follow- 
ing terms and conditions, which implement 
the reasonable and prudent measures described 
above. 

1. At the Tracy and Skinner Fish Protection 
Facilities, between the Issuance of this opin- 
ion and July 31, fish shall not be held more 
than 8 hours before being deposited at a 
dump site. One additional dump site shall be 
added for each facility to minimize accumula- 
tion of predators at each site. A plan shall be 
submitted to the Service with 30 days of finali- 
d o n  of this opinion and the new dump sites 
shall be in place by January 1,1994. 
(The U.S. Fish and Wildlife Service sub- 
sequently clarified this term, indicating that 
the fish were to be held no more than 0 hours 
before beginnlng transport to release sites.) 

The Bureau of Reclamation has added a dump 
site, and the Department of Water Resources 
is proceeding to add a site. The Interagency 
Program work group convened to help imple- 
ment the measures has agreed to investigate 
the effect of holding time on smelt survival. 
The &hour limit is being observed 

2. Adequately trained personnel shall be 
in place at both the Tracy and Skinner Fish 
Protection Facilities to make counts on delta 
smelt larvae and juveniles during the spawn- 
ing period of February 1 through July 31. 
Estimates of larvae and juveniles salvaged 
at the fish facilities and larvae and juveniles 
entrained by the Tracy and Banks Pumping 
Plants shall be transmitted to the Services' 
Sacramento Field Office three times a week 
beginning immediately on issuance of this 
opinion. 

Federal and State operating p e r s o ~ e l  have 
received training on fish identification A re- 
porting procedure has been implemented to 
communicate daily salvage at the state and 
federal facilities. 

3. The Barker Slough intake on the North Bay 
Aqueduct shall have pumping limited to a 
14-day average rate of 65 cfs during the spawn- 
ing interval implemented immediately on the 
issuance of this opinion through July 31. 

Diversions at Barker Slough were curtailed 
during 1993 to comply with this provision 
Operations maintained a 14-day average 
pumping rate of 65 cubic feet per second or 
less through July 31, 1993, to meet require- 
ments of the delta smelt biological opinion 

4. The Tracy and Banks Pumping Plant shall 
be limited to a 14-day combined average rate 
of 4,000 cfs during May 1993, and 5,000 cfs 
during June 1993. This limitation on pumping 
shall be increased an additional 1,000 cfs M 
May and June, and re-evaluated daily fon the. 
need for additional pumping limitations if thd ii, 

daily estimated combined delta smelt salvage 



Federal and State fish protection facili- 
400 delta smelt larvae or juveniles, or 

ore. The limitations shall be extended to 
clude a 3,000 cfs 14-day combined export 

less in July, if the daily estimated 
mbined delta smelt salvage at the Federal 

fish protection facilities is 400 delta 
elt larvae or juveniles, or more. 

during the first weeks of June 1993 
this condition was unworkable. 
Bureau of Reclamation proposed 

to replace condition 4; 
Senrice approved 

new condition on June 30. 

equals or exceeds 400 delta smelt (larvae 
greater than 21 mm and juveniles), the com- 
bined rate of pumping shall be immediately 
reduced in order to restore the 14-day running 
average delta smelt salvage limit. On the next 
working day, Reclamation will report to Fish 
and Wildlife Service the magnitude of the ex- 
ceedence of the limit on combined salvage, a 
description of measures being taken by Rec- 
lamation and DWR to restore the 1 4-day run- 
ning average salvage to an amount less than 
400, and an estimate of the duration of the 
period of exceedence. 

This condition was met during the specified 
period. 

Banks Pumping Plant shall 
operated during May, June and July to 

the taking of delta smelt at 14-day 
rate of 4,000 cfs during 

cfs during June, and 9,200 cfs 
Costa pumping) during July. 

5. Based on the 14-day running average of 
QWEST, the flow in the western Delta shall 
exceed negative 2,000 cfs from August 1-31, 
1993, and shall exceed negative 1,000 cfs 
from January 1 through February 15, 1994. 

~ - .  . 

hen he 14-day running average of esii-. 
ated combined delta smelt salvage at the 
deral and State fish protection facilities 

 his term has been.met through August 31, 
1993. 



Chapter 5 

FACTORS THAT MAY INFLUENCE 

er of factors may influence size and 
n of the delta smelt population These 
lta outflow and the location of the 

ment zone, entrainment into a variety 
elta diversions, reverse flow, predation 
competition with native and introduced 

food abundance, water quality, con- 
nts, disease and parasites, interbreeding 

closely-related species, and spawning stock 
.Although many of these factors are inter- 
ted, they are discussed individually in this 

I 

Delta Outflow and the 
Entrapment Zone 

DELTA SMELT ABUNDANCE AND DISTRIBUTION 

Delta outflow is the amount of fresh water that 
flows past Chipps Island into Suisun Bay. Be- 
cause it is not yet possible to measure directly, 
an index of Delta outflow is calculated using 
the inflow to the Delta; State Water Project, 
Central Valley Project, and Contra Costa Canal 
exports from the Delta; and estimated deple- 
tions of channel water within the Delta. Total 
Delta outflow levels are shown in Figure 24. 

' 78  '80 8 2  '84  '86  '88 '90 '92  
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nsure 24 
AVERAGE MONTHLY TOTAL DELTA OUTFLOW, WATER YEARS 1978 TO 1992 

F m  the DAYFLOW Database 



Outflow (and diversions) may affect the speed 
and direction of fish movement in and through 
the Delta. A reduction in transport time may 
adversely affect delta smelt, which spawn 
upstream and depend on currents to distrib- 
ute their larvae throughout the nursery area. 
There is evidence that freshwater outflow may 
also influence the abundance and distriiution 
of many other speaes. Outflow acts as a hy- 
draulic barrier to reduce movement of salt 
upstream from the ocean It also determines 
the location of the entrapment zone. These 
factors are discussed below, beginning with a 
discussion of the influence of hydrology on 
Delta outflow. 

Effect of Hydrology on Outflow 

Delta outflow is influenced by both human 
activities and natural occurrences. Human in- 
fluences include Delta diversions, upstream 
reservoir regulation of water throughout the 
Central Valley, and upstream diversions and 
return flows. The major natural factors are 
Central Valley precipitation patterns and cor- 
responding runoff. 

The 'Sacramento River Index is a measure of 
unimpaired runoff for the Saaamento Valley. 
Figure 25 shows the Saaamento River Index 
for 1967 through 1992 and the long-term aver- 
age for 1905 through 1992. The figure reflects 
the variability of Central Valley. hydrology 
over the last 26 years. 

Figure 26 shows that recent years have devi- 
ated significantly from the long-term mean The 
late 1960s and early 1970s were somewhat wet- 
ter than normal, followed by a sharp decline 
during the 1976/1977 drought. The 1980s and 
early 1990s show a high deviation from the 
long-term average, with exceptionally wet years 
(1982-1984) and extreme drought (1987-1992). 
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Rgure 25 

SACRAMENTO RNER INDEX 
UNIMPAIRED HYDROLOGY, 1967 TO 1992 
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Figure 26 
SACRAMENTO RIVER INDEX 

DEVIATION FROM LONG-TERM AVERAGE, 1967 TO 1992 

Hydrologic variability is an uncontrollable part 
of any natural or regulated ecosystem. The 
1980s and early 1990s contain one of the wet- 
test and one of the driest periods recorded in 
the Central Valley. The uncontrollable aspect 
of Delta hydrology must be recognized as a 

I 
factor that determines and affects outflow 
and, therefore, could affect the abundance i 
and distribution of delta smelt. 



D 1 ta Outflow 
! 

D eases in outflow during drought years 
e been reported to affect the abundance of 

ber of biological resources of the estuary $Ir 1992). 

le and Herbold (1989) suggest that delta 
benefit from moderately high flows, 
place the primary nursery area in 
Bay. However, Stevens and Miller 

and Moyle et a1 (1992) did not find any 
cal relationship between delta smelt 

dance indices and outflow. This indicates 
if outflow does affect smelt abundance, 

influence may be small relative to other 
ors in some or all years. 

outflow does appear to have a strong 
t on geographical distribution of delta 

t. Stevens et a2 (1990) showed that signifi- 
e delta smelt were found west of the 

when outflows were high. As shown in 
27, the tow-net index for the first and 
tow-net surveys of each year1 (survey=l, 
=2 on the figure) in the Suisun Bay 

eases directly with outflow. 

lar trend is evident for the fall midwater 
1 survey for September through Decem- 

28). Sweetnam and Stevens (1993) 
esized that delta smelt survival may be 

nced in Suisun Bay, based on the observa- 
that abundance indices for the estuary 

en been high when large numbers of 
elt were collected in Suisun Bay. 
ess, no statistical relationship has 

between outflow'and abundance. 

~dtba~rnent  Zone 
I! I 

entrapment zone is a transient region of the 
ary where fresh water and salt water inter- 
concentrate the level of suspended particu- 

late matter. It is formed as fresh water flows 
downstream over the more dense, landward- 
flowing salt water, creating a circulation pattern 
that concentrates particles such as sediment 
and plankton A definition of either 2 micro- 
Siemens per centimeter surface specific conduc- 
tance or 2 parts per thousand isohaline position 
(X2) is frequently used as an index of the u p  
stream end of the entrapment zone (Arthur and 
Ball 1978, Kimmerer 1992a). 

Entrapment zone location is regulated by the 
interaction of tides, Delta outflow, and the 
complex bathymetry of the estuary, as well as 
mixing by wind in shallow waters (Peterson et 
a1 1975, Arthur and Ball 1978). Since 1972 it has 
generally been between Honker Bay and Sher- 
man Island, but in extreme water years it has 

RELATIONSHIP BETWEEN WE PORTION OF DELTA SMELT 
POPULATION WEST OF THE DELTA AND 

LOG DELTA OUTFLOW DURING THE SURVEY MONTH FOR 
SUMMER TOW-NET SURVEY, 1959 TO 1988 

For ardm transbrmed pwlcentages, ? r 0.74 for euney 1 and 
? - 0.55 br 8tiw 2. 

Source: Sweetnam and Steven8 1993. 

1 esulk from 1989 to 1993 have not yet been analyzed. d 61 



ranged from below Suisun Bay (wet years) to 
above Rio Vista (critically dry years). 
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The entrapment zone provides habitat for 
species that reside in or nearby it. It may also 
serve as a food supply region for consumer 
species such as fish. The entrapment zone has 
been found to contain elevated concentrations 
of juvenile striped bass and some species of 
phytoplankton and zooplankton (Arthur and 
Ball 1980). Moreover, a ~ u a l  measures of 
several estuarine resources seem to be related 
to the position of the entrapment zone in the 
estuary. Jassby (1993) found statistically signifi- 
cant relationships between 2 ppt isohaline 
position as an indicator of entrapment zone 
location and the abundance of phytoplankton 
and phytoplankton-derived carbon; survival 
of larval striped bass; and abundance of 
mollusks, mysids, Crangon shrimp, longfin 
smelt, juvenile striped bass, and starry floun- 
der. Mechanisms for these relationships are 
not well understood. Similar relationships have 
also been found with total Delta outflow 
(Armor 1992). 
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Moyle ef ul(1992) observed that in 1981 through I 
1988, delta smelt appeared to be most abun- 
dant in low-salinity water near the entrap- 
ment zone, except when they were spawning. m 
Obrebski (1993) compared delta smelt abun- 
dance from the tow-net and midwater trawl 
surveys to 2-ppt isohaline position (X2). 
The tow-net data included June-August of 
1959-1965 and 1969-1991, the periods for 
which data were available. The midwater 
trawl included September to December of 
1967-1973,1975-1978, and 1980-1990. Not all of 1 
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Data were analyzed as both q&og of theklelta, . 
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smelt indices and as a concentration index 
obtained by weighting abundance indices by. 
the volume of each subarea of the eshrary * 

I 
where sampling was performed. A monthly 
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@re 28 
RELATIONSHIP BETWEEN THE PORTION OF DELTA SMELT 

POPULATION WEST OF THE DELTA AND 
LOG DELTA OUTFLOW DURING THE SURVEY MONTH FOR 

FALL MIDWATER TRAWL SURVEY, 1967 TO 1988 
For arcSrne translormod percenlages, ? = 0.64 lor September, 
0.76 lor Oclober, 0.71 101 November, and 0.34 & Docember. 

Swrce: Sweetnam and Stmans 1983. 



ate of the 2-ppt salinity isohaline from 
K merer and Monismith (1993) was used to 
r f resent entrapment zone position. 

ssion analysis using linear and quadratic 
ods were not significant for the tow-net 

a. The midwater trawl data were signifi- 
related to both monthly and annual 

ance indices using linear and quadratic 
ns (Table 2); However, entrapment 

lained little of the variance 
rcent) and the results are confounded 

tical problems. The significant Durban 
statistic for each regression (Table 2) 

autocorrelation in the data, which 
ult in erroneously high significance 

ar autocorrelation problems may 
be present in other analyses in this report 

ata.) Alikely cause of auto- 
the data is stock-recruitment ef- 
ssed later in this chapter (under 
tock Size and Year-Class 

gth"), there is a significant stock-reauit- 
relationship for the rnidwater trawl data. 

merer (1992b) analyzed the same data- 
und that X2 was not significantly 

d to abundance when stock-recruitment 
ts were removed. A lack of relationship 
een midwater trawl indices and September- 

position is consistent with the 
f Stevens et a2 (1990) that year- 

strength appears to be set before July. As 
t, it cannot be concluded that there is a 

p between delta smelt abundance 

This is consistent with the finding that there is no 
similar relationship between abundance and 
outflow, the major factor determining X2 psi- 
ti0h 

Midwater trawl and entrapment zone data 
have also been used as the basis for a hypothe- 
sis about the preferred geographical range of 
smelt (Obrebski 1993; USFWS 1993). If midwa- 
ter trawl data are grouped based on when the 
entrapment zone was in three broad areas of 
the estuary (<71 km, 71-81 km, and >81 krn 
from the Golden Gate Bridge), it appears that 
September-tbNovember abundance has been 
somewhat higher over a broad range of salini- 
ties when X2 was in the middle estuary. One 
interpretation is that smelt survive best when 
the entrapment zone is in this "preferred" 
region. However, this conclusion is dubious 
because of autocorrelation between entrapment 
zone location and midwater trawl data. 

Larval Transport 

It is thought that after hatching, larval delta 
smelt float to the surface and drift downstream 
toward the entrapment zone (Stevens et a2 1990; 
Moyle et a1 1992). Outflow may affect the speed 
at which larval fish are transported down- 
stream. An increase in transport time may 
adversely affect delta smelt, which spawn up- 
stream and depend on currents to distribute 
their larvae throughout the nursery area. 

entrapment zone position. I 
Table 2 1 1 SUMMARY OF RELATIONSHIPS BETWEEN SMELT ABUNDANCE AND POSITION OF THE ENTRAPMENT ZONE 

I/ ~ USING MIDWATER TRAWL DATA 

141 

Number of Linear Quad fatic Adjusted Durbin Mmnn 
!'?iable Type Observations Coeffident Coefficient P p>F Watson Kilometers 

Abundance 84 Monthly 0.044 6.0003 0.16 0.0003 0.971 73 
84 Monthly 0.305 4.0022 0.22 0.0003 0.822 69 
22 Annual 0.077 4.0005 0.20 0.0442 1.1 99 73. 
22 Annual 0.589 4.0040 0.26 0.0208 0.942 73 



The DWR Particle Tracking Model can be used 
to examine the relative importance of potential 
transport mechanisms in the Delta, which are 
governed by tidal motion (advection), disper- 
sion, and channel braiding (see 'Xeverse 
Flows"). Model simulations indicate that high 
flows released in the upper Sacramento River 
had a great effect on average daily velocity in the 
upper portion of the river but made little dif- 
ference in average velocity in the western 
Delta. Although high outflows can transport 
more fish to Suisun Bay, the effectiveness of 
high outflows on the transport process di- 
minishes rapidly as the flow approaches the 
western Delta. 

Reverse Flow 

The magnitude and direction of flow through 
Delta channels are determined by inflows, 
channel capacities, agricultural diversions, 
SWP and CVP pumping, and especially tides. 
%ice a day, high tides push Delta water up- 
stream. The intensity of tides varies monthly 
and seasonally. Although tidal flow is most 
pronounced in the western Delta, it is also 
significant in the interior Delta. For example, 
flow over a tidal cycle during the summer can 
be hundreds of thousands of cubic feet per 
second in the western Delta, tens of thousands 
in the central Delta, and thousands in the east- 
em Delta (Figure 29). If the tidal effects on flow 
are removed, a net flow will remain that will 
affect the direction and distance a water mole- 
cule, plankton, and possibly even very small 
fish may move in the channel over an ex- 
tended period if they remain suspended in the 
water column. 

The interaction of water diversions and in- 
flows can also affect the direction of flow in 
Delta channels. When inflow from upstream 
tributaries is insufficient to meet exports and 
agricultural diversions, the pumps and siphons 

pull water from downstream areas. This can 
intensify upstream tidal flow in some &an- 
nels, and also cause net upstream or "reverse" I flows where they would not otherwise ormu. 
Net reverse flows are most common and p a t -  
est in southern and western Delta channels 1 
during summer and fall, when nearly all the 
CVP and SWP exports are drawn across the 
Delta from the Sacramento River (Figure 29). 
However, reverse flow can occur any time 

I 
southern Delta diversions are higher than San 
Joaquin inflow. I 
Because flow in the western Delta is u s d y  
dominated by tidal flow, net flow is difficult to fi 
measure directly. As a consequence, nearly all 
analyses of the effect of net reverse flow on 
fishery resources have used a calculated value 
called QWEST as an index of net reverse flow 
in the lower San Joaquin River. QWEST is 
reported in the DWR DAYFLOW database, 
and is the sum of flows from the San Joaquin 

I 
River, the eastside streams, and the Sacra- 
mento River through Georgiana Slough and 
the Delta Cross Channel, minus CVP and 
SWP exports from the southern Delta and 
65 percent of net channel depletions in the 
Delta. Average monthly QWEST values for 
1978 to 1990 are shown in Figure 30. 

Effect of Reverse Flow on 
Delta Smelt Abundance I 
The effect of net reverse flow on the movement 
of fish and their food supply has been a con- 
cern since construction of the Central Valley 

I 
Project and the State Water Project in the 1950s 1 and 1960s. 

There is some evidence that net reverse flow 
might be a factor for juvenile striped bass and 
salmon smolts. Wendt (1987) found a weak in- , 

I 
verse relationship between QWEST and the & 
number of young striped bass salvaged at Banks " 

Pumping Plant in June and July. USFWS(1992) 

I 
'I 
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Several analyses of delta smelt data did not 
indicate any apparent relationship between 
QWEST and smelt abundance or entrainment 
at CVP or SWP facilities. The Department of 
Fish and Game used multiple regression 
analyses to examine reverse flow and several 
other factors that could affect delta smelt 
abundance (Stevens et a1 1990). The number of 
days that QWEST was negative was used 
as the measure of reverse flow in the lower 
San Joaquin River. QWEST was analyzed indi- 
vidually and in combination with other envi- 
ronmental variables to identify potential effects 
on the summer tow-net index (March-June 
variables) and fall midwater trawl index 
(March-June, July.October variables). None of 
the analyses that included reverse flow as a 
variable explained a significant amount of 
variability in smelt abundance. 

Moyle and Herbold (1989) indicated that low 
delta smelt populations (fall midwater trawl 
data) were associated with the number of days 
of negative values of QWEST. However, their 

I 
analysis found no statistical association be- 
tween delta smelt abundance and the number 
of days of reverse flows. Nevertheless, they 
observed that years of high smelt abundance I 
usually had positive flow in the lower San 
Joaquin River and years of low smelt abun- 
dance usually had a higher number of days of 
reverse flows. They concluded, therefore, that 
the frequency of reverse flow in the lower San 
Joaquin River was probably limiting smelt re- 
cruitment but that it was not a s im~le  direct 

A 

relationship. 
h ,  

Moyle et a1 (1992) found that until 1984, w&r 
I 

with 100 days of reverse flow were 
sporadic and rarely occurred during the delta $. 

1 A water year begins October 1 and ends the following September 30. 
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t spawning season (February to May). From 
to 1989, reverse flows have characterized 
wer San Joaquin River for more than 150 
of the year, and in every year except 1986, 

erse flows have occurred for 15 to .85 days 
spawning season. An updated version 
analysisindicates that from 1990 to 1992 
e flows continued during the delta smelt 

g season (Figure 31). 

YEAR I 1 1 1 I SPAWNING -N NOW-*AWNING SEASON I 
L" I I 

Figure 31 
NUMBER OF DAYS OF REVERSE FLOW IN THE 

JOAQUIN RIVER DURING WATER YEARS 1960 TO 1992 
The black portbn of each bar shows the number of days during the 

delta smelt spawning season (February to May). 

Department of Water Resources could not 
a statistical relationship between the 
er of days of reverse flow and the delta 

elt midwater trawl index (1967-1992) or 
-net index (1959-1993). Regression analy- 
did not show a significant association be- 

een the annual occurrence of reverse flow 
d the midwater trawl index (r2=0.12; n=24) 
the tow-net index (r2=0.021; n=31). The 

sociation was also not significant between 
verse flow during the major spawning pe- 
od (Februar to May) and the midwater E awl index (r -0.12; n=24) or the tow-net in- 

=0.037; n=32). 

ese relationships were also examined using 
earman's rank correlation test. No signifi- 
nt correlation was found between the an- 

occurrence of reverse flow and the 

midwater trawl index (r=4.29; n=24) or the 
tow-net index (r=-0.19; n=31). Also, no signifi- 
cant correlation was found between reverse 
flow during the February-to-May spawning 
season and the midwater trawl index (r=-0.31; 
n=24) or the tow-net index (r=-0.33; 11332). 

Visual observation of the influence of water 
year type (critical, dry, below normal, above 
normal, wet) on delta smelt abundance indices 
suggests that index values may be lower in 
dryer years than in about half the wetter years 
(Figures 32 and 33). However, Spearman's 
rank correlation test showed no significant 
correlation between water year type and 
either the midwater trawl index (r=0.32; n=24) 
or the tow-net index (r=0.16; n=32). In addi- 
tion, a comparison of indices grouped as dry 
or wet years found no significant difference 

I QR767781eS&7~69O919?. 6 7 6 9 m n n ~ l ~ 8 8 ~ ~  
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Figure 32 
DELTA SMELT FALL MIDWATER TRAWL INDICES 

GROUPED BY WATER YEAR TYPES 



I DRY YEARS WET YEARS I 
Figure 33 

DELTA SMELT SUMMER TOW-NET INDICES 
GROUPED BY WATER YEAR TYPES 

between the midwater trawl index (M~M- 
Whitney U; p=O.12, n=12) or the tow-net index 
(MaM-WhitIIey U; pt0.47) of dryer years and 
those of wetter years. 

QWEST and Fish Transport 

QWEST is being used as a regulatory param- 
eter to limit movement of winter-run Chinook 
salmon and delta smelt toward the CVP and 
SWP pumps1. Use of QWEST is partly driven 
by the perception that transport of small fish 
is largely dictated by QWEST. 

Moyle et al(1992) propose that reverse flows 
draw young fish to the export pumps from 

spawning and nursery areas in the central and 
western Delta. Although DWR egg and larval 
surveys suggest that at least some smelt larvae 
are drawn to the pumps from the central 
Delta, these fish may have also originated 
from spawning in the southern Delta (Spaar 
1993a). 

Because of its possible importance, this issue 
was examined in further detail using simula- 
tion models. As will be shown, QWEST does 
not appear to be an appropriate parameter to 
control transport and entrainment of young 
fish in the Delta. 

The Department of Water Resources recently 
examined the importance of reverse flow as a 
transport mechanism using the DWR Particle 
Tracking Model (Chung and Smith 1993). The 
model was developed to simulate how different 
flows are likely to affect the movement of 
neutrally buoyant particles at various loca- 
tions in the Delta. The major processes simu- 
lated in the model under different flow 
conditions are advection, dispersion, and 
channel braiding. 

The Particle Tracking Model used hydrology 
from the DWR statewide water simulation 
model, DWRSIM (see Chapter 6), to develop 
general operations criteria. For this analysis, 
Deasion 1485 standards and 1995 hydrology 
were used with three levels of QWESP 1,865, 
146, and -1,724 cubic feet per second. Delta 
outflow was held constant at  5,485 cfs 
throughout the simulation How and velocity 
patterns were simulated using the 
DWR/RMA Delta Hydrodynamics Model 
(DWR 1992~). The fate of particles introduced 
at 19 locations in the Delta were then exam- 
ined using the Particle Tracking Model. 

Results of a preliminary set of model simula- 
tions are Isurnmatized below. The results 
should be~interpreted with caution, because 

1 Discussed in Chapter 4. 
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smelt are not neutrally buoyant particles 
the model provides an indication 
processes likely to affect young 

High Sacramento River flows greatly 

1 

Particles in the interior of the Delta were 
entrained by CVP and SWP pumps and 

11 1 Diversion and Entrainment 

affected average daily velocity in the north- 
em Delta but had little effect on average 
velocity in the western Delta. As a result, 
the effect of high flows on the transport 
process diminishes rapidly as the flow 
approaches the western Delta. 

1 

1 
I 
1 
i 

/ 
1 

1 

1 ' 
1 
I 

life stages of delta smelt are vulnerable to 
ainrnent in water diversions of the Central 
ey Project, State Water Project, Pacific 
and Electric Company's power generating 

nts, Delta agricultural diversions, and 
ustrial diversions near Suisun Bay and the 

agricultural diversions despite high posi- 
tive QWEST values. This suggests that 
QWEST is not a good indicator of entrain- 
ment losses in the interior delta. It is con- 
ceivable that the export pumps have a "zone 
of influence", and a large percentage of 
par ticles within it are likely to be entrained 
regardless of QWEST. Further model stud- 
ies are being designed to characterize the 
Likely zone of influence at different tribu- 
tary inflows, export pumping, Delta Cross 
Channel gate operations, Clifton Court Fore- 
bay gate operations, and consumptive uses. 

Particles in areas west of Antioch were 
not greatly affected by negative QWEST 
(-1,724 cfs). This further shows that QWEST 
is not a good indicator of transport proc- 
e w s  in the western Delta. 

Central Valley Project 

Central Valley Project facilities in the Delta 
include Tracy Pumping Plant, Contra Costa 
Canal, and the Delta Cross Channel. These 
facilities are described in Chapter 4. Their pos- 
sible effects on delta smelt are reviewed below. 

Tracy Pumping Plant 

The most apparent effect of the Central Valley 
Project is entrainment of fish at Tracy Pumping 
Plant. Delta smelt are eaten by predatory fish 
in front of and within the Tracy Fish Facility. 
Others are lost as they pass through the screens 
and during handling and trucking in the salvage 
process. Losses of juvenile and adult delta 
smelt at the fish facility cannot be calculated 
with certainty, because there is no informa- 
tion for delta smelt pre-screening losses (pre- 
dation rates) or on efficiency of the louver 
screens for delta smelt (Sweetnam and Stevens 
1993). Estimates of annual delta smelt salvage 
and concerns related to the salvage data are 
presented in Chapter 3. 

Several studies suggest survival of salvaged 
delta smelt is probably low due to the stress of 
handling and trucking. Survival of 2,590 delta 
smelt salvaged from June 22 to July 27,1989, 
and held at the SWP Byron growout facility 
was reported to be zero (Odenweller 1990). 
There was no indication of how long these 
smelt were held before they died. Initial field 
collections of brood stock to develop culture 
methods for delta smelt found most died within 
48 hours using various netting teddques 
(Lindberg 1992). A modified purse seine tech- 
nique was finally successful, with 88 percent 
survival in March 1992 and 10 to 47 percent 
survival in mid-April 1992. 

Handling and transport mortality can be 
reduced by cooling and reducing the sloshing 
of water during transport (Mager 1993). Stress- 
related handling and tmcking mortality can 
also be reduced by adding salt to transport 



water. A solution of 3 ppt has been determined 
to reduce stress without causing problems 
for salt-intolerant species such as delta smelt 
(Odenweller 1990). 

Although exact levels of delta smelt losses are 
not known, salvage and egg and larval data do 
indicate the timing and relative magnitude of 
project impacts. Evidence from Tracy Fish 
Facility and from egg and larval surveys are 
summarized below. 

It should be emphasized, however, that there 
does not appear to be a simple relationship 
between project operations and abundance. 
As evidence, Stevens et al(1990) analyzed water 
exports individually and in combination with 
other environmental variables for potential 
effects on the summer tow-net index (March- 
June variables) and fall midwater trawl index 
(March-June, July-October variables). None of 
the analyses found that the level of combined 
CVP/SWP exports explained a significant 
amount of variability in smelt indices. 

Juveniles and Adults 

Salvage data (monthly averages) indicate en- 
trainment of juvenile and adult delta smelt is 
usually greatest during spring and summer, 
reflecting the late winter-spring spawning sea- 
son and growth and mortality of young-of- 
the-year fish (Sweetnam and Stevens 1993) 
(Figure 34). 

May through August appears to be a period 
of high salvage at the CVP, with a peak in 
May. Juveniles are usually collected from late 
February to August and adults from December 
through April (Figure 35). The near-ripe condi- 
tion of adults collected from late December 
1990 to April 1991 indicates they were salvaged 
during spawning migration (Wang 1991). In 
1993, juvenile delta smelt were salvaged at 
the CVP in mid-May and again in late May 
through early July (Figure 36). 

Between 1979 and 1991, salvage in spring and 
summer was lowest in 1983, 1986 (both wet 
years), 1991, and 1992 (both critical years). 
Annual salvage was lowest in 1979,1981, and 
1987 (all drought years), and 1984 (wet year). 

One factor that may i.nfluence delta smelt is 
yearclass strength. In years when delta smelt 
are more abundant in the system, entrain- 
ment losses could increase. One approach to ex- 
amine this issue is to develop an index that 
incorporates year-class strength. To achieve 
this end, salvage data for each cohort were 
divided by the summer tow-net index. Cohorts 
were identified at the SWP using length data 
to differentiate salvaged adults from young- 
of-the-year smelt. These data have not yet been 
analyzed for the CVP, so salvage levels for 
April through March of the following year were 
assumed to represent a single cohort. As an 
example, in June 1984 the summer tow-net index 
was 1.3 and 5,866 delta smelt were salvaged, so 
the resulting index is 5866/1.3 = 4512. 

Month 

MONTHLY AVERAGE ESTI~TED DELTA SMELT SALVAGED 
AND SMELT SALVAGED PER ACRE-FOOT EXPORTED BY THE 

CVP TRACY PUMPING PLANT, 1980 TO 1991 
Sows: Sweetnam and Stevens 1883. 
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Fylure 35 
EXPANDED NUMBER AND MEAN SIZE OF DELTA SMELT SALVAGED MONTHLY AT TRACY FISH FACILITY, 1979 TO 1992 



In this discussion, the index is referred to 
as "entrainment index" rather than "salvage 
index" to avoid confusion with actual salvage 
numbers. The concept is similar to the loss 
rate index developed for striped bass by the 
Department of Fish and Game (Kohlhorst et d 
1993). However, the loss rate index is based 
on calculated losses of striped bass, and the 
entrainment index for delta smelt uses salvage 
as an index of losses. By incorporating year- 
class strength, both indices provide a relative 
measure of when impacts are likely to be great- 
est at the population level. For example, losses 
are likely to be more detrimental to the popu- 
lation when elevated losses coincide with a 
weak year-class. A possible bias with these 
indices is that the summer tow-net index may 
not completely represent year-class strength 

because it may partly reflect some entrainment 
losses in the previous spring. The entrainment 
index also does not take into account seasonal 
changes in predation and screening efficiency, 
which could result in variation in salvage levels. 
Without this information, actual losses and 
entrainment levels cannot be determined. 

Estimated Central Valley Project entrainment 
indices are presented in Figure 37. Results are 
generally consistent with CVP salvage 
we 35). Indices were low in most wet years 
(1980, 1982, 1983, 1986, 1993) and high in 
most drought years (1981, 1985, 1987-1990). 
The high index in 1984 and low indices in 1991 
and 1992 are exceptions that might be better 
understood on further examination of outflow 
and monthly distribution of delta smelt sizes. 

I J 
Figure 36 ; 

DAILY DELTA SMELT SALVAGED AND DELTA EXPORTS AT THE 
STATE WATER PROJECT AND CENTRAL VALLEY PROJECT, MAY AND JUNE 1993 



BROOD YEAR 
Figure 37 

DELTA SMELT ENTRAINMENT INDICES AT TRACY FISH FACILITY FOR 1980-1993 BROOD YEARS, 
APPROXIMATED FROM APRIL-TO-MARCH SALVAGE 

Water yw types (from Decision 1485) repremnl the hydrology when the hood year was mt 

ough results suggest project impacts may 
e often been greater in drier years than in 

they do not show whether project 

operations significantly reduced the delta smelt 
population. The data do show the relative 
magnitude of project impacts between years. 



Eggs and Larvae 1 In general, delta smelt larvae may be present 
I 

I I 
Fwre 38 

DELTA EGG AND LARVAL ENTRAINMENT STUDY SITES IN THE SOUTHERN DELTA AND, , ,- 
AGRICULTURAL DIVERSION STUDY EGG AND.LARVAL SrTES IN THE CENTRAL DELTA . ' 

Information on Central valley Project entrain- 
ment of delta smelt larvae is available from the 

Egg and Larval Entrainment Study for 
to lgg2 Larval entrainment was 

estimated beginning in 1989, when positive 
identification of all sizes of larval delta smelt 
became possible* Seven sites are -pled in 
the southern Delta (Sites 91-96, 98) and five 
sites were added in the central Delta in 1992 
(Sites 930-934) (Figure 38). 

in the southern Delta from late ~ebruary 
through early June, but occurrence may vary I 
within this period from year to There is 
apparently little spawning in this area. pew= 
smelt are caught here and over a shorter sea- 
sonal to of high 
abundance on the Sacramento and Sari 

I 
Joaquin rivers. In 1992, no smelt larvae were 

at *e Delta 12; 
at the central Delta sites, larvae were caught 
until June 7 (Spaar 1993a). Smelt larvae may I 



been present in the southern Delta dur- 
periods in April (18-26) and May (12-24) 

en bridge repairs rendered this area in- 
ssible to the survey boat. Sampling contin- 
in both the southern and central Delta into 
The average catch per unit effort of delta 

It larvae at the central Delta sites exceeded 
southern Delta catch every month (Fig- 
39). Preliminary data for 1993 also indicate 

smelt larvae were caught at the central 
a sites than in the southern Delta. 

I I' I FEB MAR APR MAY JUN JUL 
1992 I 

1992 AVERAGE M O N ~ L Y  CATCH DENSITIES OF 
EILTA SMELT LARVAE AT SOUTHERN AND CENTRAL DELTA 

EGG AND LARVAL SAMPLING SITES 
(In Larvae per Cubic Meter. Lenral densities were muniplied by 1000.) 

For Sites 932-934, sampling began on April 6,1992. 

I 

Entrainment estimates for delta smelt larvae 
(less than 21-mm long) for the CVP and SWP 
indicate the projects entrain about the same 
magnitude of larvae (Figure 40, Table 3). The 
SWP entrained about one-third more than the 
CVP during 1989 to 1992. This is probably 
because the SWP intake is closer to the central 
Delta and because the CVP takes more San 
Joaquin water from upstream through Old 
River. Reverse flows in Old and Middle rivers 
may transport larvae to the southern Delta, 
but larvae are less abundant in the southern 
Delta than in the San Joaquin River and central 
Delta. Entrainment estimates for 1993 will not 
be available until December 1993. 

1 SOVIH DELTA (Sita 9l-96 981 ClWlUL DFLTA (Sila 930-934) 

Figure 39 
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Figure 40 
ESTIMATED ENTRAINMENT OF DELTA SMELT LARVAE AT THE 

STATE WATER PROJECT AND CENTRAL VALLEY PROJECT 
DELTA FACILITIES, 1989 TO 1992 

1991 includes estimrded enfrainment for April 26 to May 26 as the 
moan 1 We and 19W entrainment kr tho same &od. 

Table 3 
ESTIMATED ENTRAINMENT OF DELTA SMELT LARVAE, 

1989 TO 1992 
(In Thwsands of Fiah) 

Year SWP CVP Total 

1989 613 1 36 579 
1990 582 349 931 
1991' 24 17 41 
1992 554 645 1,200 
Total 1,603 1,147 2,751 

No sempling from April 16 to May 26, lwl, due to boa1 breakdown. 



Contra Costa Canal 

The Contra Costa Canal, operated by Contra 
Costa Water District, is an unscreened intake 
at Rock Slough, which draws 50 to 250 cubic 
feet of water per second from Old River. Larval 
losses would be expected whether the intake 
were screened or not. DWR egg and larval 
monitoring, which began in Rock Slough in 
1992, caught larval smelt on only three days 
between February 20 and July 15 (Spaar 
1993a). Catch densities were: 0.0082 larvae per 
cubic meter on March 3; 0.0051 on March 11; 
and 0.007 on April 8. 

Preliminary data for the same period in 1993~ 
indicate six larval smelt were collected on five 
occasions: March 2,19,23, and 31 and April 2. 
Densities are not yet available for 1993. 

No abundance or loss estimates are available 
for juveniles or adults in Rock Slough. 

Delta Cross Channel 

The CVP Delta Cross Channel, completed in 
1951, has two 60-foot gates at the Sacramento 
River to enhance transfer of water into the 
central Delta. Cross Channel operations could 
influence the upstream spawning migration of 
adult delta smelt or the downstream transport 
of larvae. 

Closure of the Delta Cross Channel could pro- 
vide acceptable spawning habitat similar to a 
dead-end slough, where delta smelt have been 
observed to spawn (Radtke 1966), or closure 
could interfere with spawning success by delay- 
ing migration. Neither effect has been docu- 
mented for delta smelt. 

The Delta Cross Channel is thought to decrease 
survival of larvae by making fish more vulner- 
able to SWP/CVP diversions in the southern 
Delta (DFG 1993). However, Wendt (1987) found 

no relationship between the number of bass 
salvaged at Skinner Fish Facility and the 
amount of flow through the Cross Channel. A 
similar analysis has not been performed for 
delta smelt, but a number of transport model- 
ing studies using tracers2 suggest that closing 
the Cross Channel could reduce entrainment 
of larvae spawned in the Sacramento River 
(DWR 1993a). By contrast, fish spawned in 
the lower San Joaquin River system could be 
adversely affected because closing the Cross 
Channel reduces the ability of flow pulses to 
transport tracers to downstream nursery areas 
(DWR 1993a). Given the conflicting results 
from these two systems and uncertainties 
about whether they apply to delta smelt lar- 
vae, the net effects are not known. It is possi- 
ble, however, that impacts depend on the 
distribution of spawning. Wang (1991) found 
that the Sacramento River was not used as 
intensively as a spawning area as the San 
Joaquin River in 1989 and 1990, but the loca- 
tion of spawning may change annually. 

State Water Project 

State Water Project facilities include Banks 
Pumping Plant, Clifton Court Forebay, North 
Bay Aqueduct, Suisun Marsh Salinity Control 
Structure, and South Delta Temporary Barriers. 
These facilities are described in Chapter 4. 
Their possible effects on delta smelt are re- 
viewed below. 

Banks Pumpin2 Plant 

The most apparent effect of the State Water 
Project is entrainment of fish at Banks Pump- 
ing Plant. Delta smelt are eaten by predatory 
fish as they cross Clifton Court Forebay. 0th- 
ers are lost as they pass through Skinner Fish 
Facility and during handling and trucking in 

1 There was no samplm from April 12 to May 20 due to boat problems. t 2 Smelt do not behave li e tracers, but some of the same processes may apply. 
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sses of juvenile and 
smelt at the fish facility cannot be 

because there is no 
ation for delta smelt pre-screening losses 

aency of the louver 
ta smelt (Sweetnam and Stevens 
es of annual delta smelt salvage 

concerns related to the salvage data are 
al of salvaged 
to the stress of 

ugh exact levels'of delta smelt loss are 
n, salvage and larval data do indicate 
g and relative magnitude of project 

acts. Evidence from Skinner Fish Facility 
from larval surveys are summarized be- 

,t/Veniles and Adults 

ent of juvenile and adult delta smelt 
y been greatest during spring and 
eflecting the late winter/spring 
eason and growth and mortality 

ung-of-the-year fish (Sweetnam and 
ns 1993) (Figures 41 and 42). Salvage was 

gh from December 1977 through 
, when exports increased after 

a1 losses of juvenile and adult delta smelt 
e SWP cannot be calculated 

time. Losses must be back-calculated 
the number salvaged and estimated per- 
ge lost due to trucking and handling, 

sing through the screen, and passing 
ough Clifton Court Forebay. Experiments 
determine forebay losses have been per- 

ed only for striped bass and salmon, and 
re are no estimates for other species, includ- 

elta smelt. Even bass and salmon loss 
not precise because experiments 
uded over all seasons, hatchery 

h were used rather than wild fish, and a 

relatively narrow size range of fish was exam- 
ined (DWR 1992a). Forebay losses are believed 
to be lower in winter, when the predator popula- 
tions have been lower (Kano 1990a) and cooler 
water temperatures probably reduce the meta- 
bolic and consumption rates of predators. In 
addition, screening efficiency estimates for 
Skinner Fish Facility are based on studies in 
the late '1960s and do not reflect subsequent 
design and operational improvements. How 
well the available information on loss factors 
applies to delta smelt is not known. 

For this assessment, delta smelt salvage data 
(length and abundance) were examined to 
determine the effect of SWP operations on 
the delta smelt population and to determine 
what environmental parameters influence delta 
smelt salvage. 

Month 

I I nsure 41 
MONTHLY AVERAGE ESIMATED DELTA SMELT SALVAGED 

AND 
DELTA SMELT SALVAGED PER ACRE-FOOT EXPORTED AT 

BANKS PUMPING PLANT, 1980 TO 1991 
Source: Sweatnam end Stevens 1993. 

Handling and transport losses are discussed under ''Central Valley Project", earlier in this chapter. 

n 
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Figure 42 
EXPANDED NUMBER AND MEAN SIZE OF DELTA SMELT SALVAGED MONTHLY AT SKINNER FISH FACILITY. I976 TO 1992 



length frequency of delta smelt salvaged 
en 1979 and 1991 (the period of most 
te data) indicates there are two distinct 
groups during March, April, and May 

s early as January (1981) (Figure 43). 
on life history information in Moyle e f  

3), delta smelt less than 50 mm salvaged 
ch through May were designated as 
es (current year-class) and those 50 mm 

eater were designated as adults (previous 
-class). Delta smelt salvage, by year-class, 
ed with Clifton Court Forebag inflow and 

ta outflow indicates'. many more juveniles are 
ed than adults; most juveniles are sal- 
over a 2- to 4-month period; and this 

od varies between April through August. 
re yearclass 1982/1983, large numbers of 
juvenile and adult delta smelt were sal- 

Since then, very few adults were salvaged 
for year-class 1988/1989. 
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Figure 43 
IAILY LENGTH FREQUENCY OF DELTA SMELT SALVAGED AT 

THE STATE WATER PROJECT IN SELECTED YEARS 
no yearclasses of smell are often present horn late winter through spring. 

The relationship between juvenile delta smelt 
salvage (summed for each year-class over the 
2 to 4 months when most were salvaged) and 
Clifton Court Forebay inflow, Delta inflow, 
lower San Joaquin River flow, and Delta outflow 
(averaged over same 2- to 4-month periods) 
were investigated using regression analysis 
(Figure 44). 

'Itvo years, 1980 and 1983, produced the most 
variation in the regression equations. There 
is no apparent reason to exclude 1980 from the 
analysis, but the 1983 data are questionable 
because Delta outflow was so high that delta 
smelt were probably flushed out of the system 
and pumping was reduced dramatically in 
March through May. With the removal of 1983 
data (Figure 45), juvenile delta smelt salvage 
appears to be significantly negatively related 
to Delta i d o w  (p<0.01, r2=0.56, N=12), lower 
San Joaquin River flow (p<0.01, r2=0.63, N=12), 
and ~ e i t a  outflow ( p < ~ . ~ l ,  r2=0.69, N=12). 
These data series have not yet been tested for 
autocorrelation problems, which may artifi- 
cially elevate regression coefficients. 

These relationships are consistent with the CVP 
salvage data (Figure 35), which frequently 
showed increased salvage in drought years 
during the same period. If CVP and SWP 
salvage levels are indeed linked to hydrology, 
a possible explanation is that the distribution 
of delta smelt population shifts upstream during 
drier years (Stevens e f  a1 1990), perhaps making 
them more vulnerable to entrainment. A higher 
risk of entrainment in the interior Delta is 
consistent with DWR Particle Tracking Model 
studies (described in the previous section). While 
smelt may not behave like neutrally buoyant par- 
ticles, the same process would tend to increase 
entrainment of smelt in drier years. Extent of 
the area affected by pumping is not known, but 
it could depend on tributary flows, exports, 
Delta Cross Channel gate operations, Clifton 
Court Forebay gate operations, and Delta con- 
sumptive uses. 
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hypothesis is correct, one might also 
to find a relationship between Clifton 

and salvage in drier years, 
n is closer to the export 

ties. Figure 46 shows this relationship 
wetter years (1980, 

6) were removed. A pos- 

and larvae has a 

eekly variation in exports 
refore, be important to 

ge levels and obscure any relationship 
Clifton Court inflow over longer periods 
4 months in this analysis). Annual vari- 

ngth, described below, 
or impact on salvage 

Water Project salvage was also examined 
g entrainment indices as a means to cor- 
for year-class strength and to examine 

ulation level impacts. An advantage of 
ntrainment indices is that they remove 
ecruitment effects that could cause auto- 

ation in the salvage data series. The 1979- 
entrainment indices developed for the 

te Water Project are more exact than for the 

I 

Central Valley Project, because size measure- 
ments were readily available to separate sal- 
vage data into brood years. Preliminary indices 
have also been calculated for 1992 and early 
1993 using the assumption that cohorts roughly 
correspond to salvage in April 1992 through 
March 1993 and in April 1993 through July 
1993. Final indices will be estimated as soon as 
size data are available. 

1 ' 
i 
1 
1 

Calculated entrainment indices are summa- 
rized in Figure 47. The indices are highest 
between May and July, representing salvage of 
young smelt. The smaller secondary peaks in 
December through February correspond to the 
adult smelt spawning migration. Entrainment 
indices were low in 1979 to 1983 and 1986. 
These were all wet years except 1979 and 1981, 
when year-class strength was relatively high 
(tow-net index was 13.2 in 1979 and 19.9 in 1981). 
Entrainment indices were higher during later 
drought years (1985 and 1987-1991) due to a 
combination of relatively high salvage rates 
and low tow-net indices. The low indices for 
1992, a critical year, were an exception to this 
trend. Although the 1984 and preliminary 
1993 indices were relatively high compared to 
other wet years, they were lower than most 
drier years. 

Figure 46 
RELATIONSHIP BETWEEN JUVENILE DELTA SMELT 

SALVAGED AT SKINNER FISH FACILITY AND 
CLIFTON COURT FOREBAY INFLOW, 1979 TO 1991. 

AFTER REMOVING WET YEARS 
YmRu.lrmhlW,lQ82,1883,1W,and1888, 

Classifled by Decision 1485 a8 WW. 

In summary, SWP entrainment indices are rea- 
sonably consistent with SWP salvage data.and 
with CVP entrainment indices. Also, SWP 
exports tend to take a higher fraction of the 
population when abundance is low and in a 
dry year. If the delta smelt tow-net index is 
relatively high, such as in 1979 and 1981, the 
impact of exports may be reduced in dry years. 
Results for 1980, 1982, 1983, and 1986 also 
suggest that population level impacts can be 
relatively small in wet years. 

Entrainment indices identify the relative.mag- 
i nitude of project impacts between years, but 

do not demonstrate that operations signifi- 
cantly reduced abundance. 



As described for the CVP, Stevens ef a1 (1990) 
did not find a relationship between CVP/SWP 
exports and abundance. A possible explana- 
tion is that exports may not affect abundance 
indices except in drought years when cohort 
strength is weak. As described later in this 

chapter (see "Spawning Stock Size and Year- 
Class Strength"), year-class depends at least 
partly on the number of spawners during the 

I 
previous year. Alternatively, the effect of ex- I ports may be small in relation to other factors 
that influence the population. I 

BROOD YEAR I 
DELTA SMELT ENTRAINMENT INDICES AT SKINN~R FISH FACILITY FOR 1979 TO 1993 BROOD YEARS, 

REPRESENTING SALVAGE FROM MARCH THROUGH MAY OF M E  FOLLOWING YEAR 
Water year types (from Wish 1w represent the hydrology when the hood year was set 



I mation on entrainment of delta smelt 
e at the State Water Project is available 
the DWR Egg and Larval Entrainment 

I y for 1989 to 1992 (Figure 40, Table 3). 
re information on larval delta smelt in the 
thern Delta near the SWP intake can be 

I d in the discussion for the Central Valley 

I ent estimates for delta smelt larvae 
n 21 mm long) indicate that, overall, 
may entrain slightly more larvae than 

I VP. This is probably because the SWP 
e is closer to the central Delta. Reverse 
s in Old and Middle rivers may transport 

I e to the southern Delta, but larvae are less 

abundant in the southern Delta than in the San 
Joaquin River and central Delta. 

North Bay Aqueduct 

The Department of Water Resources contracted 
with the University of California, Davis, and 
the Department of Fish and Game to monitor 
fish abundance in Barker and Lindsey sloughs. 
DFG monitoring from June 1988 through 1990 
indicates juvenile and adult delta smelt are 
relatively low in abundance (1.22 percent of 
total catch) in comparison to the more abun- 
dant species of the slough, such as striped 
bass (21.76%), tule perch (17.6%), white cat- 
fish (12.22%), and threadfin shad (7.82%) 
(Kano 1990b). The smelt ranged from 59 to 116 
mm long. Relative abundance of delta smelt 

I 

I 

CACHE SLOUGH 

1 
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* 1 d 

Figure 48 
EGG AND LARVAL SAMPLING SITES FOR THE NORTH BAY AQUEDUCT 



less than 100 rnm was greater during winter 
(February, 0.00215 smelt/cubic meter) than in 
summer (June, 0.00006 smelt/cubic meter) or 
fall (October, no smelt). Average size of these 
fish was 73.8 mm. It appears that, at least in 
dry years, delta smelt are spawning in or near 
the Barker/Lindsey Slough area. One adult 
delta smelt (ripe female) was caught at the 
entrance to Barker Slough on March 15,1991 
(Bennett 1992). 

Additional information on juvenile and adult 
delta smelt in the Cache Slough area is avail- 
able from the fall midwater trawl survey and 
from recent DFG purse seine sampling. No 
data are available from the summer tow-net 
survey for this area. Midwater trawl results for 
stations in Cache, Lindsey, and Barker sloughs 
indicate smelt are more abundant from Octo- 
ber through December than in September, but 
they are not present in all years. Purse seine 
sampling was conducted in June and July 1993, 
but results are not yet available. A purse seine 
was used in March, April, and May 1992 in the 
Cache Slough area to collect delta smelt brood 
stock for development of fish culture methods 
for the species (Lindberg 1992). Adult smelt 
were collected during March, in mid-April, and 
again in early May. 

Larval delta smelt have been monitored in 
Barker and Lindsey sloughs by DWR, DFG, 
and the University of California, Davis, since 
1986 (except 1992), but were identified only to 
family in 1986 and 1987. In general, more lar- 
vae have been caught in Lindsey Slough than 
in Barker Slough (Table 4 and Figure 49). 

Egg and larval survey 'data for 1988 to 1991 
indicate larvae are present near the Barker 
Slough 'intake from March to early May and in 
Lindsey Slough near Cache Slough from 
March to June (Bennett 1992)' (Figure 50). 

Preliminary larval catch data for mid-February 
to mid-July 1993 indicate larvae were present 
from late March to late May on occasion in 

Table 4 
LARVAL DELTA SMELT CATCH IN 

BARKER AND LINDSEY SLOUGHS NEAR THE 
NORTH BAY AQUEDUCT, 1986 TO 1993 

PrePmjedYoan,are 188810 1988 
Smell am Identified to FamUy Only h 1888 and 1867 

Lindseyslough w s k u g h  l.ldwhw 
Site Site 

Year 71 8 71 9 720 721 ktal 
1986 0 NS 0 1 1 
1987 4 NS 0 2 6 
1988 0 0 0 0 0 
1989 5 5 0 0 10 
1090 5 1 0 0 6 
1991 9 2 3 3 17 
1992 NS NS NS NS NS 
1993 18 0 3 7 2% 

Total 41 8 6 13 68 

NS No Sampling 

1 

1 I 

=Mar 23-Apr OCsMay (Way OlJun 
Date 

Figure 49 
CATCH OF DELTA SMELT LARVAE IN 
BARKER AND LINDSEY SLOUGHS 

NEAR THE NORTH BAY AQUEDUCT, 1988T0 1991 
Source: Bemet1992 

Barker Slough (March 29; April 26; May 2,10,20, 
22) and more consistently in Lindsey Slough 
(March 25; April 2,8,18,24,28; May 2,10,12, 
14, 16, 18, 26). The larvae in Barker Slough 
were 6-8 rnm SL in March to early ~ a ~ h a n d  
14-16 mm SL in mid- to late May. In Lidkey 
Slough, larvae were 5-10 mrn SL in March to 
mid-April and 8-12 mm SC in late April though 
May, with a few 5-6 mm SL larvae inmidaMay 
(later spawning). Only 7 smelt were .collected 
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the Barker Slough intake in comparison 
smelt collected downstream in Lindsey 

No larval smelt were col- 
after late May in either slough, but two 
le delta smelt (21 and 25 mm SL) were 

cted with the egg and larval net in Barker 

ett (1992) concluded that delta smelt larvae 
re and have a patchy distribution (time 
ace) in these sloughs, making entrain- 

estimates uncertain. However, an illustra- 
e calculation of entrainment (based on larval 
iped bass densities in Barker Slough and 

ntial water diversion rate per day) esti- 
d delta smelt larvae could be entrained at 

te of 432 to 4,320 per day. Larval smelt 
ainment has not been estimated using the 

methodology as for the SWP and CVP 
s, and the degree to which it represents 
conditions is not known. That study also 
tes abundance of striped bass larvae has 

eased significantly in Barker and Lindsey 
ghs since operations began  his 
d be due to water and larvae being drawn 
the sloughs from the Sacramento River, 

ere the striped bass densities are higher, 
the area be used for spawning more in 
nt years because adults have been more 
centrated in the lower Saaamento River. 

Suisun Marsh Salinity Control Gates 

A monitoring program was implemented in 
1988 to assess effects of the Suisun Marsh 
Salinity Control Gates on fish and other 
aquatic resources in Suisun Marsh. This pro- 
gram includes existing sampling programs for 
Nemysis and zooplankton, egg and larval 
sampling, tow-net survey, juvenile salmon, 
and general fish population monitoring. A 
study of predators at the gates was added. 

Monitoring results indicate minimal adverse 
impacts of the Montezuma Slough control gates 
on fish and other aquatic organisms in Suisun 
Marsh (Spaar 1992). While abundance and dis- 
tribution of fish species, including delta smelt, 
have changed in the marsh, the changes are 
probably due to factors causing the general 
fisheries decline and to the 1987-1992 drought 
more than to control gate operations. 

Delta smelt populations have declined in the 
marsh since 1981 (refer to Figure 2, on page 8). 
Otter trawls caught 423 delta smelt between 1980 
and 1983 and only 13 in 1984 to 1992 (Meng et a2 
1992). Of these 13 smelt, 12 were collected in 
1988 to 1992, after control gate operations began 
Gate operations have resulted in relatively low 
salinities in the eastern marsh (upstream of 
Cutoff Slough) compared to higher salinities in 
the small sloughs of the western marsh. The 
delta smelt catch has been low but consistent 
since 1988, when gate operations began In 
contrast, no delta smelt were caught in 3 of the 
4 years immediately before the project. It is 
difficult to determine whether gate operations 
are causing marsh conditions to be more favor- 
able for smelt. 

Project impacts that could negatively affect 
delta smelt appear to be the increased catch of 
predatory fish (striped bass and squawfish) at 
the structure since 1987. However, no delta 
smelt were identified in predator stomachs . 
examined from 1987 to 1991. 



Another concern in this area is entrainment 
of delta smelt into Roaring River Slough and 
other private diversionswithinthemarsh. During 
the 1980-1982 evaluation of the Roaring River 
fish screen, delta smelt was the most abundant 
fish collected at the unsaeened diversion 
and was collected through both diversion 
seasons (November to May and September 
to March) (Pickard et a1 1982). A total of 5,841 
smelt were collected: 3,731 in 1980/1981 (66 
mm average fork length; range 30-100 mm FL) 
and 2,110 smelt in 1981/1982 (average FL 63 mm; 
range 41-107 mrn FL). Catches were usually 
higher for all species in samples taken at 
night. In September 1981 to March 1982, only 
8 smelt were entrained under screened condi- 
tions (average 60 mm; range 25-74 mm) 
compared to 2,110 under unscreened condi- 
tions (average FL 66 mm; range 30-100 mm FL), 
demonstrating that the screen was extremely 
effective in reducing entrainment. 

South Delta Tempora y Barriers Prqect 

The South Delta Temporary Barriers Project is 
designed to improve water levels, circulation 
patterns, and water quality in the southern 
Delta and to reduce impacts of Tracy and Banks 
Pumping Plants on fish, particularly salmon. 
Potential concerns for delta smelt include barrier 
impoundment, attraction, redistribution, and 
predator concentration. 

Analysis of April-to-September salvage levels 
suggests that delta smelt entrainment did not 
increase while the barriers were in place (DWR 
1993b). Egg h d  larval data show the barriers 
had little or no effect on distribution and 
recruitment of delta smelt larvae, given the 
extremely small number of larvae in the area 
and the timing of larval occurrence relative to 
barrier placement and operation Fish and Game 
collected no delta 'smelt in monthly hoop- 
netting and electrofishing surveys upstreani 
and downstream of the barriers, and found 
no delta smelt in the guts of predators sampled 

Nonetheless, transport modeling studies sug- 
gest that entrainment of neutrally buoyant 
particles could increase under certain condi- 
tions when the barriers are in place. In particu- 
lar, simulated entrainment of a tracer mass was 
shown to increase from 14.2 percent under the 
base condition (no barriers) to 20.8 percent at the 
Central Valley Project under a 3-barrier configu- 
ration (Old River near Tracy, Middle River, and 
Old River at Head). It is unclear why this 
increase would occur, because tracer conanha- 
tions did not change appreciably at any other 
export source when the barriers were in place. 
However, the modeled particles may move 
differently than delta smelt larvae, so these 
results must be interpreted with caution 
(DWR 1993b). 

Pacific Gas & Electric Company 

Pacific Gas and Electric Company operates 
two power generation facilities within the range 
of delta smelt: Contra Costa Power Plant and 
Pittsburg Power Plant. Contra Costa Power 
Plant is about 6 miles east of the confluence 
of the Sacramento and San Joaquin rivers. 
Pittsburg Power Plant is on the south shore of 
Suisun Bay, in the town of Pittsburg. Each 
power plant has seven generating units that 
rely on water diverted from the lower San 
Joaquin River and Suisun Bay for condenser 
cooling. Cooling water is diverted at a rate of 
up to about 1,500 cfs for the Contra Costa plant 
and 1,600 cfs for the Pittsburg Power Plant, 
forming a thermal plume as it is discharged 
back into the estuary. Pumping rates are often 
significantly lower under normal operation 
Intakes at all units at both power plants 
employ a screening system to remove debris, 
but these screens allow entrainment of - fish 
smaller than about 38 mm and impingement i 

of larger fish k c  

Information on occurrence and direct entiin-, . 
ment of delta smelt near t he  PG&E pdwer . ' .I. 



ts is limited because of taxonomic prob- 
with earlier studies. Young delta smelt 

re difficult to differentiate, 
ly data is at the family 

ridae) level only. The available informa- 
a1 and juvenile smelt, 

longfin smelt, were 
abundant fish taxa 

area. In 1978 and 1979, Osmeridae was 

1979 (Ecological Analysts 1981c) and 

tuted only 0.1 percent of the catch in 

results from the summer tow-net 

8, located upstream and down- 
ttsburg Power Plant. At station 

Contra Costa Power Plant, mean 
elta smelt has been consistently low 

and 1973 to 1977. 

cted extensive monitoring at 
power plants. Early general monitoring 
followed by studies emphasizing larval 

juvenile striped bass. Entrainment estimates 
smelt are available from 1978 and 1979 

ta are limited because of dif- 
es in differentiating longfin smelt and delta 

smelt PG&E (1981a, 1981b) reports that from 
April 1978 to August 1979, more than 50 million 
smelt larvae (Osmeridae) were entrained at 
Pittsburg Power Plant and an additional 11,000 
juvenile delta smelt impinged on the screens. 
Entrainment was similarly high at Contra Costa 
Power Plant for Osmeridae larvae (16 million) 
and juvenile delta smelt (6,400). An important 
consideration in evaluating these data is that 
larvae entrained in cooling systems are not nec- 
essarily lost. Survival rates of entrained striped 
bass and other species canbe high, but the effects 
on delta smelt are not known Smelt do not 
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MEAN CATCH PER TOW OF DELTA SMELT AT 
SUMMER TOW-NET SURVEY STATIONS NEAR 
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appear to tolerate stress, as indicated by low 
survival following trucking and handling dur- 
ing CVP and SWP salvage operations. 

Survey results from nearby summer tow-net 
stations suggest many of the larvae entrained 
in the 1978-1979 studies were delta smelt. 
Longfin smelt are rarely caught at Station 804, 
near Contra Costa Power Plant, and were not 
observed in 1978 and 1979. This compares to 
low but detectable levels (mean catch 0.5) of 
delta smelt. Delta smelt also outnumbered long- 
fin smelt during 1978 and 1979 at Station 520 
(mean catch 5.0 delta smelt, 0.4 longfin smelt) 
just upstream of the Pittsburg plant and Sta- 
tion 508 (mean catch7.1 delta smelt, 0.4 longfin 
smelt) just downstream of the Pittsburg plant. 
Alimitation in interpreting these results is that 
the summer tow-net survey was conducted after 
the period of peak entrainment, so the species 
composition may not be strictly comparable. 

Thermal effects may result in direct mortality, 
behavioral attraction, avoidance, blockage, or 
increased predation. This issue is discussed in 
a recent report by PG&E (1992b). The study 
found greater numbers of some fish species 
near thermal discharge sites, but no evidence 
for direct mortality of striped bass and no ther- 
mal blockage of migratory species, including 
Chinook salmon, striped bass, and American 
shad. Insufficient numbers of delta smelt were 
collected to draw any conclusions about how 
they are affected by the thermal discharges. 
Predation on juvenile Chinook salmon and 
larval striped bass suffering thermal stress 
may be higher in Contra Costa Units 6 and 7 
discharge canal, but the report concluded the 
effect is probably minimal. The overall effect 
of thermal discharges on delta smelt is not 
known, but sampling indicates there is no 
behavioral attraction. 

Since the 1978-1979 studies were completed, 
PG&E has implemented a resource manage- 
ment program to reduce striped bass loss. 

During the period of peak striped bass entrain- 
ment (May to mid-July), power generation 
units are operated preferentially, using fish 
monitoring data. This program has reduced 
entrainment losses of larval and juvenile 
striped bass by more than 75 percent (PG&E 
1992a). The revised operations may have 
incidental benefits to delta smelt, but 'they 
cannot be estimated because there is presently 
no monitoring requirement for this species. 

Local Agricultural Diversions 

Larval, juvenile, and adult delta smelt are vul- 
nerable to entrainment into Delta agricultural 
diversions, a potential risk for the population. 
Diversions in the northern and central Delta, 
where smelt abundance is highest, are likely the 
greatest problem. An estimated monthly average . 
of 2,000 to 5,000 cubic feet per second is diverted 
during the peak irrigation period (April-August) 
from about 1,850 diversions scattered through- 
out the Delta (Brown 1982). This is the same 
order of magnitude as is exported by the SWP 
and CVP in the southern Delta. 

In 1992, the Department of Water Resources 
initiated the Delta Agricultural DiversionEvalu- 
ation to assess the extent to which delta smelt 
and other species are lost to these diversions. 
Sampling was conducted from mid-April through 
October 1992 and began again in late April 
1993. In general, 1992 results seem to show 
that some larval species (eg, threadfin shad, 
centrarchids) are more vulnerable to entrain- 
ment than others (eg, striped bass, chameleon 
goby, prickly sculpin) relative to their abundance 
in the adjacent Delta channel. 

Larval fish also appeared to be more vulner- 
able than other life stages. Based on the initial 
analysis of data from the 1992 pilot study, 
entrainment appears to depend largely on the 
species in question, its life stage, seasonal abun- 
dance and distribution in the adjacent channel 
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Table 5 
TOTAL CATCH, BY SPECIES, OF LARVAL RSH COLLECTED DURING THE DELTA AGRICULTURAL DIVERSION EVALUAflON, 

APRIL TO OCTOBER 1992 
Numbor per 10,000 krekel 

Divedon Si Channel Sies 
1 2 3 4 934 932 933 93 

T M l  Bacon McDonald Naglee Twitdrell Bacon McDtmId Naglee- 
Spedes Island' Island Island Burk Island' k n d  Island Burk 

-goby - 161.76 214.67 32.99 447.91 407.79 1650.76 282.37 
Thmdlin shad 9.14 99.41 337.01 82.04 50.01 4828 123.11 49.98 
priddyap?n - 1.24 - - 5525 38.82 40.53 85.09 
s t r ipedh - 10.92 - - 625.55 36.24 3.80 1.32 
C e n M d s  9.61 18.13 1.36 7.33 0.86 1.08 1.51 1.70 
Sigscale log~erch - 2.16 - 0.77 1.73 2.79 4.66 218 
Inland silverside 46.21 - - - - - - 0.80 
American shad - 3.59 - - - - - - 
Cyprinids - 1.11 - i .n 5.51 0.80 1.54 0.17 
Delta smelt - - - - 2.74 0.80 0.39 - 
Sacramento splittail - - - - 0.21 - - 0.15 
Sacramento sucker - - - 4.67 - 0.41 - - 
Mosquitofish - - 0.41 - - - - 0.06 
lctalurids - - - - - - - 0.04 
Yellowh goby - - - - 1.13 - - - 
'An allomiithre diversion sito was sempled was on Sevenmlle Sough. Channel sito was on the Sen Joaquin R i .  

such as chameleon goby, threadfin shad, and 
striped bass. No larval smelt were collected 
near the Naglee Burk site in the southern Delta. 

Although most of the 1993 larval samples 
are still being processed in the laboratory, pre- 
liminary data are available for April to June 
from both egg and larval and juvenile nets. 
Sampling methodology and juvenile nets 
were modified for 1993 to inaease sampling 
efficiency. Preliminary results indicate two 
larval delta smelt (15 mm total length) were 
collected from two 1-hour samples in late morn- 
ing at the Bacon Island siphon onMay 17,1993. 
The diversion flow was about 12.5 cfs, and 
catches per unit effort were 0.92 and 0.89 lar- 
vae per aae-foot of water diverted. These fish 
were collected from the live-box of the juvenile 
net (1/8-inch mesh), which covered the siphon 
outfall. A few days later, a 48-hour study on 
May 19 to 21 did not collect any life stages of 

delta smelt, even though larval fish of other 
speaes were caught (striped bass, tlueadfin 
shad, logperch, gobies). 

No juvenile or adult delta smelt have been 
collected from the diversions. Also, no larval 
smelt have been collected using the egg and 
larval net (505-micron mesh) in the diversion. 
However, channel egg and larval sampling 
has collected larvae adjacent to the Bacon 
Island and 'Itvitchell Island diversion sites in 
March through early June 1993. Diversions at 
these sample sites started later in 1993 than in 
1992 due to the heavy rainfall from fall 1992 
through spring 1993, which delayed the onset 
of irrigation diversions (late April at Bacon 
and late May at Naglee-Burk). 

In general, delta smelt are probably most vul- 
nerable to entrainment from February through 
June, during their larval and early juvenile 
stages. Swimming ability is weakest in the 



e for most fish species. The irriga- 
runs generally from late March 
ril through September (Brown 

es from year to year depending 
crop, and other factors. Diver- 

1 during December through 
Wmter irrigation is usually for wheat 
grains and, in a drought year, for 

s (orchards, vineyards). The 
al diversions now being studied often 

ations until late April or May 
are often operated intermit- 

during the irrigation Gason Four of the 
ample sites monitored in 1993 divert 

errnittently, including all irrigation diver- 
ns for Bouldin Island. Potentially, the period 

ghest losses of delta smelt to agricultural 
ersions would be April through June, based 
their life stages at this time and timing of 

igation season. 

1 1 Predation and Com~etition 

er factors that may control the abGdance 
lta smelt are predation and competition 
native and introduced fish species 

d introduced invertebrates. The available 
idence is reviewed below. 

anced relationships between predator and 
ey populations may be disturbed by pertur- 
tions in their environment. Fish stocks are 
ntinually subjected to predation of fluctuat- 

intensity, with the surplus prey becoming 
tablished population; predator/prey 
ations are usually in dynamic equilib- 
(Bagenal1978). When a newly introduced 

r begins to consume a prey population 
s been in equilibrium with its competi- 

rs and other predators, the initial effect is an 
crease in the mortality rate of the prey. If 

stocks are declining and fish are unaccount- 
ably disappearing, the decline maybe due to 
new predators or some perturbation that has 
favored native or introduced predators. 

Although the assemblage of native fishes in 
this estuary evolved together, some distur- 
bance could favor native predators, such as 
Sacramento squawfish, steelhead, and Saaa- 
mento perch. This seems unlikely, however, 
because none of these is presently abundant in 
the estuary (Stevens et a1 1990). 

One change in the estuarine environment 
that could have favored native or introduced 
predators was inaeased water transparency 
in many regions of the upper estuary over the 
last 20 years (see 'Water Quality", later in this 
chapter). Inaeased water transparency could 
render delta smelt more susceptible to preda- 
tion. Correlation analyses suggest delta smelt 
abundance in several regions of the upper es- 
tuary declined significantly with increasing 
water transparency during various seasons 
and was most significant in winter and spring. 
However, this does not prove cause-and- 
effect; it only suggests a relationship between 
delta smelt abundance and water transpar- 
ency. Water transparency may affect year class 
strength during the first half of each year; that 
is, increases in water transparency may 
adversely affect delta smelt during the period 
when year class strength is thought to be 
set. Comparisons between summer tow-net 
indices and fall midwater trawl indices sug- 
gest smelt year class strength is set before July 
(Stevens ef a1 1990). 

Predation by introduced fish species is another 
possibility, although several of these species 
have also declined in abundance during the 
same period as delta smelt (Stevens et al1990). 
Catfish and sunfish are predatory fish but were 
established in this estuary well before the 
decline of delta smelt. Striped bass has been 
the most abundant predator in the estuarine 



area inhabited by delta smelt (Stevens et al 
1990) but has been present in the Delta for 
more than a hundred years. Previously, much 
larger populations of both striped bass and 
delta smelt coexisted (Sweetnam and Stevens 
1993). Food habit studies in the 1960s, when 
both species were abundant, indicate that, 
although occasionally consumed, delta smelt 
were not a major prey item for striped bass. 
The planting of large numbers of juvenile striped 
bass near Rio Vista, an area where delta smelt 
have concentrated in recent years, probably 
affects smelt to some degree through increased 
predation. This issue is presently moot, be- 
cause DFG discontinued stocking hatchery- 
produced striped bass in the estuary in 1992 
due to concerns regarding predation on young 
winter-runsalmon (Sweetnam and Stevens 1993). 

The most likely predation factor in the delta 
smelt decline is that a recently introduced spe- 
cies may be responsible. Introduced species 
colonize rapidly under favorable conditions 
and may disrupt the structure of fish commu- 
nities by competing with or preying on native 
fishes (Herbold and Moyle 1986). The species 
likely to have the greatest effect are the inland 
silverside (introduced in 1975) and the yellow- 
fin and chameleon gobies (both introduced in 
the late 1950s). Chameleon gobies are not a 
likely suspect, since they have been abundant 
in the upper estuary and Delta only since the 
mid- to late 1980s. However, they may limit 
recovery of delta smelt populations. 

Inland silverside, which could prey on delta 
smelt eggs and larvae, has been collected 
where delta smelt are spawning (Moyle et al 
1993), but its measured abundance has been 
highly variable (Sweetnam and Stevens 1993). 
Bennett and Moyle (1993) described research 
to be conducted at the University of California, 
Davis, to investigate competition and predation 
of inland silverside as co-factors with outflow 
as the cause of the dramatic declines in delta 
smelt abundance. They suspect such a situation 

between silverside and smelt in the estuary for 
several reasons. 

I! 
Silverside abundance increased dramatically 
in the early 1980s, concurrent with the smelt . 

I 
decline (Bennett and Moyle 1993) (Figure 53). 
Silverside co-occurs in high abundance with I 
smelt eggs and larvae. ~Gcent predation ex- 
periments using large field enclosures in this 
estuary (Bennett et a2 1993) indicate that inland 
silversides readily consume striped bass larvae 

I 
(5-8mm SL), producing higher daily mortality 1 
rates than those reported in similar experi- 
ments using larval fish prey and small fish 
predators (Fuiman and Gamble 1988; Pepin et 
a1 1992; and Cowan and Houde 1993, cited by 

I 
DELTA SMELT 

I 

C J 
Figure 53 
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and Moyle 1993): Prey selection was 
to be size-based. Therefore, since 

ae are of similar size as those striped 
larvae used by Bennett ef a1 (1993), they 

also be consumed if encountered. 
outflow may exacerbate predation 
elt by concentrating the spawning 
as of high silverside abundance in 

fin and chameleon gobies could also 
on delta smelt eggs and young. Although 

not thought of as predators, gobies 
, bottom-dwelling carnivores of in- 

areas that exhibit a lie-in-wait feeding 
vior (McGinnis 1984). Yellowfin gobies 

than the native marine gobies. Both 
cies feed on invertebrates and small fish. 
eneral, gobies are able to adapt to low 
ties and to habitats not accessible to other 

es. In the Delta, chameleon goby appears 
long spawning season, with larval 

s collected from early April through mid- 
ember (Spaar 1993). The young are zoo- 

on feeders until they reach 1-2 cm, at 
time they assume their bottom preda- 

role. Gobies also are known to consume 
eggs Oude e f  a1 1992). 

e to the bottomdwelling, inshore nature of 
owfin and chameleon gobies, juveniles 

e fairly successful in avoiding 
water tow-nets and trawl nets and gener- 
appear to be low in abundance in these 
s of samples. However, goby larvae are 
eptible to egg and larval nets, and juve- 

and adults appear to be susceptible to 
r trawls, which sample on the bottom. 

egg and larval sampling in the 
ta indicate that chameleon goby 

dance increased tremendously, from com- 
g 2 percent (291 larvae, 0.95 larvae/tow) 

the 1988 catch to its peak of 87 percent 
55 larvae, 584.91 larvae/tow) of the 1991 
(Spaar 1990; Spaar 1992). While abun- 

ce declined to 83,293 larvae (61 percent of 

total catch, 259.48 larvae/tow) in 1992, it is 
still the most abundant larval species caught 
at this study's central and southern Delta sites. 
Although sampling began in mid-February 
in 1991 and 1992, no chameleon goby were 
caught before April, as in other years. The 
tremendous numbers of larvae alone being 
produced would indicate this species could 
have a large impact on the estuarine ecosystexm 

An ongoing, 14-year otter trawl survey in 
Suisun Marsh, done for the Department of 
Water Resources by the University of W o m i a ,  
Davis, found that abundance of both yellowfin 
and chameleon goby has fluctuated dramati- 
cally in recent years, whereas other species 
have declined steadily (Meng et a1 1993) 
(Figure 54). 

Figure 54 
ABUNDANCE OF 

CHAMELEON GOBY, YELLOWFIN GOBY, AND TOTAL FISH 
IN SUlSUN MARSH, 1979 TO 1992 

SWM: Mong el d1893. 

Native species, including delta smelt, were 
found more often in small, dead-end sloughs; 
introduced species (particularly chameleon 
goby) were found both in dead-end sloughs 
and the larger sloughs of the marsh. Yellowfin 
goby increased dramatically throughout the 
estuary in the late 1960s and early 1970s 
(Britton et a1 1970), and was the third most 
abundant fish caught in the marsh in 1980 
through 1982. Its abundance in the marsh has 
fluctuated since that time (Figure 54), but it has 



remained one of the more abundant species 
(fourth in 1991 and third in 1992). Chameleon 
goby did not follow this pattern; it was first 
caught in the marsh in 1985 and by 1989 it was 
the most abundant fish caught Recently, its 
numbers have declined, as might be expected 
for an introduced species. These changes in fish 
abundance in the marsh suggest introduced 
species, along with other environmental 
disturbances, have altered fish communities 
and hastened fish declines. 

Competition 

Effects of competition among species are diffi- 
cult to determine. Introduced fish and inverte- 
brate species may compete directly with delta 
smelt (adults and young) for food (phyto- 
plankton and zooplankton) or may alter the 
species composition of the zooplankton com- 
munity. The zooplankton food niche was 
originally divided between the native delta 
and longfin smelts (McGinnis 1984). Delta 
smelt occupies the fresher, upstream areas of 
the estuary, and longfin smelt occupies the 
more saline, lower reaches. The natural niche 
segregation between these species has been 
influenced by the introduction of exotic zoo- 
plankton feeders, which could compete with 
delta smelt for food resources. Although zoo- 
plankton food supply has improved in recent 
years (see next section, "Food Abundance"), 
this does not preclude the possibility that some 
form of competition, such as food depletion, 
could affect delta smelt. 

Several introduced fish species could compete 
with delta smelt for food. Young striped bass, 
American shad, threadfin shad, inland silver- 
side, chameleon goby, and wakasagi are all 
zooplankton feeders and probably compete 
with delta smelt for food. Striped bass has 

shown signs of population decline coinciding 
with or preceding the decline of delta smelt. 

Inland silverside has been shown to be a success- 
ful colonizer and competitor with native or 
established species (Mense 1967; Li et a2 1976; 
Bengston 1985). In Lake Texoma, Oklahoma, 
inland silverside completely replaced brook 
silverside in about 2 years after its introduc- 
tion (Mense 1967). As adults, delta smelt and 
inland silverside are of similar size and have 
overlapping diet requirements, thus they may 
compete if shared food resources are limited 
(Bennett and Moyle 1993). In the Bay/Delta 
system, low food abundance and changing 
composition suggest food may be limiting for 
larvae as well as adults (Moyle et al 1992). 
Bennett and Moyle (1993) are investigating 
potential competition of inland silverside with 
delta smelt. Silversides form dense schools in 
shoal areas, whereas smelt are more abundant in 
river cha~e ls ;  this does suggest some degree 
of habitat segregation. However, they theorize 
that considerable overlap may occur between 
the species at prime feeding times. In Clear 
Lake, silversides are known to undertake die1 
inshore-offshore feeding migrations. Such 
behavior may produce locally depressed food 
resources for delta smelt at favored feeding 
sites and times, increasing the probability of 
resource competition. 

Competition for food at the larval stage may also 
be increasing due to an unexplained population 
explosion of the chameleon goby in 1990 
(Sweetnam and Stevens 1993). Wakasagi may 
also compete with delta smelt for food in the 
upper end of the delta smelt's range on the 
Sacramento River, but no research has been 
done on this. 

The Asian clam, Potamocorbula amurensis, was I 
first discovered in Suisun Bay in 1986. It may 
compete directly with delta smelt for food 
by consuming Euytemora aflnisl nauplii. 2 

1 This copepod is a primary food of delta smelt I 



has been implicated as the cause 
rp decline of E. aflnis in late 1988 

992a). It may also impact phyto- 
dynamics by decreasing phytoplank- 
ass, thereby affecting higher trophic 

ever, P. amurensis occurs primarily 

of entrapment, or other factors that vary with 
entrapment zone position (Kimmerer 1992a; 
Jassby 1993). The possible importance of the 
entrapment zone is described at the beginning 
of this chapter. 

s, so their overLp has probably been mini- 
Overlap may increase in wetter years, 
as 1993, unless distribution of the clam 
downstream in such years. l? arnurenis 

ely be a continued problem for this 
, as recent U.S. Geological Survey 
show the clam was not significantly 

laced downstream by high flows in 1993 
Thompson, USGS, unpublished data). 

tream of Antioch, which hasbeen the 
erne lower range for delta smelt in recent 

Phytoplankton levels were analyzed by re- 
moving the effects of specific conductance and 
season, which cause short-term and localized 
variation "Anomalies" were calculated by s u b  
tracting pigment1 measurements for each date 
and station from the mean pigment value for 
the specific conductance class (Table 6) and 
month. A positive anomaly indicates pigment 
levels were higher than would be expected for 
the respective month and specific conductance 

Ph~b~ lank ton  

ges in the concentration of either phyto- 
ton or zooplankton could affect 'delta 
abundance through food chain inter- 
. Exact food requirements of delta smelt 

own, but prey densities in the Bay/ 
ta appear low relative to other systems in 

nited States, creating the potential for 
tation (Miller 1991). 

Food Abundance 
I 

nt trends in concentration and composi- 
of phytoplankton and zooplankton are 

cribed below in relation to delta smelt. It 
portant to note that food chain effects 
be closely linked with entrapment zone 

Both phytoplankton and E. affinis have 
wn to occur at peak abundances within 

entrapment zone (Kimmerer 1992a). 
ugh the abundance of each is also corre- 
to some degree with entrapment zone 

mechanism for this association 
The correlations may be due to 

erlying relationships with flow, strength 

class. The use of anomalies is described in 
detail by Obrebski et a1 (1992). 

Table 6 
AVERAGE SPECIFIC CONDUCTANCE AND SALINITY IN 

SPECIFIC CONDUCTANCE CLASSES 1 TO 20 
Sped& condudanco velum ehom are referenced to a stendard 

temperature, bul change al d i i e n t  temperatures. 

Specmc 
Conductance Salinity 

Class (pS/crne) @pt) 
1 126 0.071 
2 150 0.084 
3 1 67 0.094 
4 1 87 0.105 
5 210 0.118 
6 240 0.135 
7 284 0.1 59 
8 355 0.1 99 
9 473 026s 

10 674 0.378 
11 979 0.550 
12 1 554 0.874 
13 251 1 1.417 
14 3934 2229 
15 581 7 3.313 
16 8032 4.604 
17 10583 6.112 
18 1 3665 7.964 
19 1 7444 10284 
20 24302 14.635 

Cryan mioroSiemona per centimeter 
" ppt-mpw- 

1 igment is an indicator of phytoplankton levels. I l l  



Over the last 20 years, a significant decline in 
phytoplankton biomass has been observed 
(P<0.01) in the region between Rio Vista on the 
Sacramento River and Martinez at the west 

end of Suisun Bay (Figure 55). Chlorophyll a 
concentrations declined sharply between 1972 
and 1977, followed by inaeased levels between 
1978 and 1982 and then another dedine from 8 



ough 1991. Mean annual chlorophyll a 
ations have been extremely low (<4 

and annual variation 
toplankton is hypothesized to result 
ansport from outflow and interactions 

enthic grazers (Alpine and Cloem 1992). 
phaeophytin a levels were similar to 

e for chlorophyll a. Ratios of chlorophyll a 
a hovered around zero during 

gh unexplained spikes in 
ed in 1979 and 1982. These 

suggest the relationship between phyto- 
on growth and mortality has been con- 

tent in this region. However, this analysis 
es not reflect localized changes within regions 
the Delta or shifts in species composition. 

ears that phytoplankton abundance may 
delta smelt directly, as well as through 

ooplankton food chain. In laboratory cul- 
g of delta smelt, Mager (1993) found that 

ae first began feeding on day 4 (after hatch) 
phytoplankton and on day 6 were feeding 
rotifers. Prior to this, there has been no 

ention of phytoplankton as a food item for 
lta smelt in any reports or papers. The 
riod of first feeding for larval fish is generally 
ought to be a critical time for larval survival. 

Moo~lankton Trends 

dies indicate copepods are the principal 
ey item of delta smelt, but a shift in species 
mposition has occurred. Post larval smelt 

in 1977 were found to feed almost 
ly on copepods (Moyle ef a1 1992). 

ut analysis showed that the calanoid cope- 
od, Eu ytemora affinis was the dominant prey 
m (68% by volume), followed by Cyclops sp. 
1%) and harpacticoid copepods (1%). Adult 
elt were found to feed throughout the year 
copepods and seasonally on cladocerans 

aphnia sp., Bosmina longirosf ris) (Moyle et a1 
92). Opossum shrimp (Neomysis mereedis) 
s generally of secondary importance. By 

contrast, the main food item in 1988 samples 
was Pseudodiaptomusforbesi, an exotic species. 
Sinocalanus doerii, another exotic species, 
has also been found in gut samples, as have 
Corophium sp., Gammaridae, and Chiron- 
midae (Moyle et a2 1992). 

Zooplankton data were examined using 
anomaly values, descriied in the foregoing 
section, to examine long-term trends. Trends 
for E. aflnis, the most important prey item in 
the 1970s, show abundance of this copepod 
has declined significantly in the area between 
Rio Msta and Martinez during the last 18 years 
(Figure 56). The decline was gradual but con- 
tinuous between 1972 and 1983, followed by a 
brief period of stable abundances, and ending 
in a major decline between 1987 and 1990. 

I ' VEAR I 

I 
. - 

YEAR 1 
Figure 56 

ZOOPLANKTON CONCENTRATIONS, 
RIO VISTA TO MARTINEZ, 1972 TO 1990 

Top graph Is mean monlhly bg akwlance of tooplankton horn ell dtw winpled. 
Bottom greph is mean annual enomatim (described k text), 

W 65 percent confidence M-. 



The exotic clam Putmmrbula amurnis is thought 
to be at least partly responsiile for the most 
recent decline of E. affnis. This clam was well 
established in Suisun Bay by 1987 and, with its 
efficient feeding habits, has managed to consume 
a significant portion of the phytoplankton 
biomass in Suisun Bay (Alpine and Cloem 
1992) and possibly a significant number of 
juvenile E. affnis (Kimmerer 1992a). 

The introduced zooplankton Pseudodiaptomus 
fbrbesi was discovered in this estuary in 1987 
(Orsi and Walter 1991). By fall 1988, this cope- 
pod was found in high concentrations (>I000 
m-3) in many regions of the upper estuary. Diet 
studies of delta smelt completed in 1988 and 
1991 show this organism is now the main food 
source of delta smelt. Abundances of Rfbrbesi 
in 1989 and 1990 were equal to those of 
E. afinis prior to its precipitous decline in the 
late 1980s (Figure 56). Thus, while abundance 
of E. affinis remains low, to,tal food supply for 
delta smelt appears to have increased in recent 
years. Herbold et a1 (1992) made similar con- 
clusions about delta smelt food availability. 

Water Quality 

Few water quality factors have the potential to 
affect the abundance and distribution of delta 
smelt over its entire range. Water temperature, 
water transparency,, and specific conductance 
(salinity) are the water quality parameters that 
could most likely affect population levels, 
given the environmental changes within the 
estuary. Constituents such as pH and dissolved 
oxygen have not changed on a scale large 
enough to affect a mobile organism such as 
delta smelt, and chemicals such as silica, ni- 
trate, and phosphate are not thought to di- 
redly affect delta smelt. 

This section discusses the potential for water 
temperature, water transparency,, and specific 
conductance to affect the delta smelt popula- 
tion. Data for many of the analyses were par- 
titioned among various regions of the upper 
estuary (Figure 57) to permit a more detailed 
examination. Results should be interpreted 
with caution, however, because there is 
evidence of serial autocorrelation problems 
with the tow-net and midwater trawl data. 
This concern is discussed in the section 
'%Entrapment Zone" earlier in this chapter. . 

Water Temberature 

In this estuary, water temperature is regulated 
mainly by air temperature, but river inflow 
and tidal intrusions also influence estuarine 
water temperatures. Long-term trends in sur- 
face water temperature show a highly sea- 
sonal pattern that is consistent among years 
and regions (Figure 58). Water temperatures 
are lowest during winter and highest during 
summer. 

The predictable pattern of water temperature 
contributes directly to many of the seasonal 
changes noted throughout the estuary. Water 
temperature outside the optimal range for 
delta smelt could alter growth and mortality 
rates of this fish. 

Water temperatures during delta smelt spawn- 
ing reportedly range from 7 to 15 degrees C 
(Wang 1986). However, water temperatures 
measured during high larval abundance 
(April to June) typically range from 15 to 23 
degrees C (DFG 1992). The ability of delta 
smelt to sunrive higher temperatures is sup- 
ported by Moyle et a1 (1992), who found delta 
smelt in waters ranging from 6 to 23 degrees C 
and averaging 15 degrees C. 

P r ' :  

.." 



11 1 LOCAVON OF CORE DATASET SITES AND~EGIONS USED IN WATER QUALITY ANALYSES 

I' For these analysee, SRe Dl5 was considered part of lhe western DetIf~ OW. 
Site ClO was not included in the S W  d!sc depth analysis becam thia constituenf was not measured at thk site after 1082. 
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MEAN MONTHLY WATER TEMPERATURE 
FOR FIVE REGIONS IN THE UPPER ESTUARY, 1971 TO 1991 

Long-term water temperature trends in the 
upper estuary show little or no pattern that could 
account for a decline in delta smelt abuhdance 

, or a change in distribution. Lehman and Smith 
(1991) noted a slight increase in average 
monthly temperatures in the late 1970s, before 
most delta smelt abundance indices began to 
decline. Minor temperature changes could have 
caused a delayed response through the food 
chain or other mechanisms. However, Stevens 
et a1 (1990) found no relationship (by regres- 
sion analysis) between water temperature and 
smelt abundance. During the last 20 years, 
water temperatures in all regions of the upper 
estuary have only occasionally been outside 
an assumed delta smelt tolerance range of 7 to 
15 degrees C between December and March 
and 15 to 23 degrees C between April and June 
(Figure 58). Thus, the analyses suggest water 
temperature has not affected delta smelt abun- 
dance and distribution. 

Water Trans~arencv 

Water transparency varies in direct proportion 
to the concentration of suspended organic and 
inorganic particles. The major source of inor- 
ganic material is suspended sediments 
brought in with streamflows. This is a highly 
seasonal component that increases with runoff 
and flow. The two major forms of organic mat- 
ter are particulate organic material and phyto- 
plankton This component is also seasonal; 
phytoplankton concentrations tend to be high- 
est during spring through fall, while particu- 
late organic material is probably highest 
during fall and winter. 

Although any change in water transparency 
could affect delta smelt, increases in water 
clarity that are probably of most concern In- 
creased water transparency may render delta 
smelt more susceptible to predation or de- 
crease food availability, as many zooplankton 
are negatively phototactic. 

Secchi disc depth readings show water trans- 
parency has varied greatly within and among 
years throughout the upper estuary but 
suggest an increasing trend in some regions 
(Figure 59). 

Further analysis involving removal of the vari- 
ation in Secchi disc depth due to season and 
salinity (anomaly calculations, described ear- 
lier) shows water transparency has increased 
significantly (slope of regression line >O; 
P<O.OOl) in all regions of the'upper estuary 
except Suisun Bay (Figure 60). 

Stevens et a2 (1990) found a strong relationship 
between fall delta smelt abundance and July- 
October copepod abundance and water trans- 
parency. However, they considered this 
rela tionship tentative because the strong con- 
nection between summer tow-net indices and 
fall midwater trawl indices suggests smelt 
year-class strength is set before July. . 
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Figure 60 
SECCHI DlSC DEPTH ANOMALIES 

FOR FlVE REGIONS IN THE UPPER ESTUARY, 1971 TO 1991 
Values are annual mean anomalies, with 95 percerd confidence inten&. 

summed between regions that could be gov- 
erned by different processes. Second, seasonal 
Secchi disc depth anomalies were calculated 
for each region Anomalies were calculated to 
remove the effects of salinity from Secchi disc 
depth trends and, therefore, the covariation 
between water transparency and delta smelt 
abundance due to sal&ity.   he anomalies were , 

then correlated with an appropriate measure 
of abundance (tow-net index, midwater trawl 
index, or salvage), depending on the season 
and region, summarized in Table 7. 

Results show delta smelt abundance is nega- 
tively correlated with water transparency. In 
addition, these correlations suggest delta 
smelt abundance in several regions declined 
significantly with inaeasing water transpar- 
ency during various seasons. The relationship 
between delta smelt abundance and water 
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Figure 61 
DELTA SMELT ABUNDANCE VERSUS SALINITY CLASS . 

All valuos are maan log base 10 akmdanco, wilh 95 p e r ~ d  conAdence bdefwk. 
WMy clessos are summarbad in Tablo 6. 

transparency was most often significant in 
tow-net analyses for winter and spring. This 
suggests water transparency has the greatest 
effect on year-dass strength during the first 
half of each year; that isf increases in water 
transparency may adversely affect larval and 
juvenile smelt during the time when DFG 
believes year-class strength is set (Stevens et a2 
1990). 

Although these results suggest delta smelt 
abundance may be inversely related to the 
increasing trend in water transparency, they 
do not prove cause and effect. Moreover, auto- 
correlation problems could detract from reliabil- 
ity of the results. Studies designed specifically 
to test this relationship are needed before a 
definitive conclusion can be reached. 

Table 7 
RESULTS OF CORRELATION ANALYSES BETWEEN 

DELTA SMELT ABUNDANCE' AND 
MEAN SEASONAL ESTIMATES OF SECCHI DISC DEPTH 

AND SPECIFIC CONDUCTANCE 
FOR FIVE REGIONS IN THE UPPER ESTUARY 

Conetlluent values are moan sogsonal epecnic conducleneo and 
moaneoasonelSeccMdtecQpfhenomelloe 

(varlatbn duo to spedtlc conduclanto removpd). 
All multa are br 1811 through 1B01, acepl Ulo aahqe d&a, 

whWaro(or1e76Uuo~lBe1. 

- CorrelaBonCoeffidenb 
Con9-t Winter Sphn Sunnner Fall 

Soulhem Della 
secdri MscDepth 0.70- 0.42' 0.02 0.45' 

Spedtichduchp 0.33 0.02 0.17 0.04 
secehi DiscDeplh 0.67" 0.13 0.05 0.m 
~pedficbrtductarm* 0.02 0.27 0.31 0.5F 

Cabal Delta 
secchi D'iOepth 0.58" 0.64- 0.40' 0.27 
SpedficCondudance 0.10 0.08 0.07 0.25 

Northem Delta 
secEhiDiDepth 0.30 0.29 0.36. 0.39' 
SpecificCondudana, 0.05 0 .1  0.002 0.14 

WesEem Delta 
Secchi Disc Depth 0.51" 0.59" 0.33 0.09 
SpedacConduclance 0.09 0.12 0.10 0.25 

SuiSunBay 
Secchi OiscDepth 0.46' 0.16 0.24 0.07 
SpedficCondudance 0.15 0.003 0.10 0.19 

* P 4 . 0 5  - P e n 1  - P 8.005 
1 The summer tow-riel abundance index was used in wlntef and spring 

carelatiam. The midwafer trwl  abmdanw index wm usad In summer 
a n d $ n d m . A R m d e n c e o l d e l t a s m l ~ a t ~ S I a l e W ~  
Project wes aQo correlated with the weter quality constMs  in the 
southem M a  region. 

2 Constituenf correlated with mean s d  abundance of deb ern& 
eelvagad et the Slate Water Project 



~&cific Conductance 
I1 I 

variations in specific conduc- 
n primarily by the movement 

southern Delta region is a 
le exception Agricultural drainage water 

comprise a substantial portion of the water 
e in this area, thereby altering specific 
ctance independent of salt water move- 
Specific conductance also varies with 

are usually referenced to 

tuents are correlated 
onductance, a measurement from 

c conductance directly affects distribu- 
of delta smelt, which appears to have an 

1 salinity range above or below which 
nces decline (Figure 61). Tow-net and 

trawl catches indicate delta smelt 
abundant between 800 and 7700 @/an 
4.4 ppt). This is consistent with Moyle 
), who found delta smelt in salinities 
14 ppt, with a mean value of 2 ppt. 

g-term trends show specific conductance 
varied substantially within and among 

stuary over the last 20 
all regions, speafic con- 
during drought periods 

and 1987-1991) and lowest during 
1983). However, even 

on and lengthy drought 
specific conductance has not exceeded 

per end of the salinity range in which smelt 
most abundant (7700 pS/cm) in three of 

arnined. In Suisun Bay, specific 
eded the salinity range 

ost every year between 1971 
, and since 1983 speafic conductance 

mained above 7700 @/an for extended 
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MEAN MONTHLY SPECIFIC CONDUCTANCE 

FOR FIVE REGIONS IN THE UPPER ESTUARY, 1971 TO1991 

periods. In the western Delta, specific conduc- 
tance has exceeded the salinity range for delta 
smelt only during five drought years (1976, 
1977,1987,1988,1990). 

Because specific conductance has such a major 
influence on the estuarine environment, fur- 
ther analyses were conducted to explore the 
possibility of a relationship between salinity 
and delta smelt abundance and distriiution 
Mean seasonal specific conductance values 
were correlated Gith appropriate measures of 
delta smelt abundance on a regional basis, 
summarized in Table 7. Although one signifi- 
cant relationship was found, most results 
showed no significant relationship between 
seasonal spe&c conductance and delta smelt 
abundance. These results are consistent with 
the interpretation of long-term specific con- 
ductance data, which show substantial vari- 
ation, primarily within the salinity range of 
delta smelt except in Suisun Bay. 



No long-term relationship between delta smelt 
abundance and specific conductance in Suisun 
Bay is evident, but the major decline in delta 
smelt and the most substantial inaeases in 
specific conductance did not occur until after 
1983. Correlations between delta smelt abun- 
dance and mean seasonal specific conductance 
in Suisun Bay between 1984 and 1991 show a 
significant relationship only for spring (e4.70; 
P< 0.05). This analysis suggests delta smelt 
may have been affected by the higher spring- 
time (April to June) specific conductance lev- 
els in Suisun Bay after 1983. 

Catches of delta smelt have also declined in 
Suisun Marsh. As with many other measures 
of delta smelt abundance, the turning point 
was 1983, after which only four delta smelt 
have been caught (Moyle et al 1992). Since 
1983, monthly salinity values in the Suisun 
Marsh sampling region have exceeded the upper 
salinity range (4.4 ppt) where delta smelt are 
most abundant 36 percent of the time; between 
1979 and 1982, monthly salinity values ex- 
ceeded the upper range 20 percent of the time. 
Although these results suggest increased sa- 
linity levels could be limiting the distribution 
of delta smelt in Suisun Marsh, both salinity 
and smelt abundance have varied in this region 
(Figure 63). In fact, the inaeased variability in 
salinity may be limiting the occurrence of delta 
smelt in Suisun Marsh rather than the ina- 
dence of salinity values in excess of its salinity 
range. However, these results do suggest salinity 
levels and/or variability in Suisun Marsh may 
be adversely affecting delta smelt in this region 
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Figure 63 
MEAN MONTHLY CATCH OF DELTA SMELT AND 

AVERAGE MONTHLY SAUNITY IN SUlSUN MARSH, 
1974 TO 1990 

Contaminants 

Toxic contaminants have been identified as a 
factor that could affect delta smelt survival 
(USFWS 1991). Possible pollutants include heavy 
metals, pesticides, herbicides, and polycyclic 
aroma tic hydrocarbons. Although contami- 
nants in the water column are probably the 
greatest threat to delta smelt, sediment inter- 
actions are also a concern. There is good evi- 
dence that pollutants in sediments may have 
significant effects on the biota of the benthic 
environment, even at low levels (Elder 1988). 

Delta smelt eggs attach to rocks, gravel, or vege- 
tation (Moyle 1976). Where these substrates con- 
tact sediments, interactions with contaminants 
are possible. Delta smelt larvae are generally 
pelagic rather than benthic (Moyle 1976), but 
they may also be at risk because significant 
numbers of larval and juvenile delta smelt 
have been observed near the bottom (Randy 
Baxter, DFG, unpublished data; Randy Mager, 
University of California, Davis, unpublished 
data; also see "Agricultural Diversions" earlier 



chapter). Finally, there is evidence that 
e'occurs more frequently in fish larvae 
ntact toxic materials on the bottom in 
environments (Mearns, cited by Moyle 

toxicity studies have been conducted to 
the degree to which pollutants in water 
diments affect delta smelt. Available 

rmation is limited to monitoring of toxic 
pounds in the Delta and studies on other 

M~onitoring of Contaminants 

9 trace metals arid 39 chlorin- 
anic pesticides in the water column 

easured biannually at 11 sites in the Delta 
uisun Bay. A report on Delta water quality 

ng 1990 shows that the concentration of 
tals has decreased or remained the 
e 1987, except for total iron concen- 

on, which increased somewhat in 1990 
artment of Water Resources 1992b). 
een 1987 and 1990, organic pesticides 
rarely found at concentrations above the 

mum reporting limit. However, heavily 
r pulse events are rarely detected by 

iannual survey. U.S. Geological Survey 
toring has found that volumes of agricul- 

r discharged into the Saaamento 
San Joaquin rivers may persist as a toxic 

gh the Delta (Kuivila et a1 1992, 
s et a1 1992). Compounds meas- 
ed molinate, carbofuran, thio- 
diazinon, which were present at 

excess of U.S. Environmental Protec- 
aximum criteria for aquatic life. 
line (1993) provide additional 
orchard and alfalfa pesticide 
Central Valley often occurs at 

San Francisco Regional Water Quality Control 
Board studies found cadmium, copper, chro- 
mium, nickel, lead, zinc, and mercury in sedi- 
ments from Grizzly Bay and the Saaamento 
River within the range of delta smelt. These 
sediments have been found to be toxic to in- 
vertebrates in April, when larvae and young 
delta smelt occur in the system (Taberski et a1 
1992). Even if pollutants in the sediments do 
not directly affect delta smelt eggs or larvae, 
studies on heavy metal accumulation in water- 
fowl of San Francisco Bay (Ohlendorf et a1 
1986) and selenium accumulation in Suisun 
Bay (White et a1 1989) demonstrate that im- 
pacts through the food chain are a threat. 

Effects of Contaminants on Fish Species 

No toxicity studies have been conducted on 
delta smelt, but there is evidence of problems 
for related species and other Delta fish. A 1978 
study examined the effects of pollution on 
sinelt populations (Osmms eperlanus) in the 
lower River Elbe, Germany (Kohler and Holzel 
1980). The river system was characterized by 
high levels of heavy metal pollution, pesti- 
cides, and polychlorinated biphenyls. In the 
study, smelt captured in the polluted Elbe 
showed severe liver problems compared to 
those from unpolluted areas in the North Sea. 

Toxic substances have also been implicated in 
the mortality of striped bass at different life 
stages and may have played a role in theit 
decline (Foe and Comor 1991). During the mid- 
1970s, inaeased applications of rice pesticides 
resulted in a sevenfold increase in toxic con- 
tamination in the Saaamento River flowing 
into the Delta. Bioassays showed that drain 
water entering the Sacramento River was toxic 
to striped bass larvae (Foe 1988, 1989). Foe 
(1989) also developed a correlation model, which 



showed that application rate of the rice pesti- 
cide methyl parathion accounted for a statis- 
tically significant portion 6f the variance in 
the young-of-the-year striped bass index. 

The toxicity of agricultural discharges is 
supported by studies of the Colusa Basin 
Drain by the University of California, Davis 
(Bailey 1992). Drain water was found to be 
toxic to striped bass larvae for three consecu- 
tive seasons of study (1989 to 1991). The study 
also found a significant portion of the annual 
variation in striped bass recruitment from 
1973 to 1988 could be accounted for by the 
level of rice pesticide used. However, evidence 
also suggests that toxicity may have been 
reduced in 1991 and 1992 after a practice of 
holding irrigation water on fields throughout 
the growing season was implemented. 

Studies of striped bass kills provide more evi- 
dence of possible toxicity problems. In May 
and June each year, up to hundreds or thou- 
sands of dead adult bass are in the estuary, 
particularly in Carquinez Strait. In 1985, re- 
searchers from the University of California, 
Berkeley, discovered that moribund striped 
bass collected in a die-off showed liver disease 
disfunction, a possible indication of chronic 
problems from toxins (Brown e f  a2 1987). This 
hypothesis is supported by Cashman et a2 
(1992), who found that livers from moribund 
striped bass were greatly contaminated by 
chemicals compared to those from healthy fish 
caught in the Delta and Pacific Ocean. Con- 
taminants included a variety of industrial, ag- 
ricultural, and urban pollutants, and no one 
causative agent could be identified. 

Other evidence of toxic contamination comes 
from D. Hinton and W. Bennett of the Univer- 
sity of California, Davis. Liver sections of 
striped bass larvae from the Sacramento River 
show much higher incidence of malformation 
than larvae from elsewhere. About 26 percent 
of the larvae they sampled in the Delta in 1988 

and 1989 exhibited liver abnormalities charac- 
teristic of exposure to toxic chemicals. How- 
ever, no quantitative estimates of mortality 
were made (Bennett e f  a2 1990). Liver histology 
studies have been funded by the Interagency 
Ecological Studies Program for the Saaarnento- 
San Joaquin Estuary to determine whether 
toxins are a significant problem for delta smelt 
(Sweetnam 1992). 

Finally, research from the San Joaquin River 
basin indicates subsurface agricultural drain 
water may be toxic to juvenile fish. Saiki et a2 
(1992) demonstrated that water samples 
collected from an agricultural drain south of 
the Delta could cause mortality of juvenile 
Chinook salmon and striped bass. Although 
the samples were collected considerably up- 
stream of delta smelt spawning areas, drain 
water may comprise a significant portion of 
the streamflow in the San Joaquin River dur- 
ing the irrigation season. 

Disease and Parasites 

Potential impacts from disease and parasites 
on fish range from relatively mild impairment 
of health to mortality. No doubt a relatively 
small percentage of infections are known, and 
for these the knowledge is incomplete. Amajor 
concern is that widespread introductions of 
pathogens have occurred through discharge 
of ballast waters from ships, intentional 
introductions for specific purposes, and 
the ornamental or aquatic pet trade (Stewart 
1991). Given the large number of exotic fish 
and invertebrates introduced into this estuary 
(Hymanson 1992), new pathogens have likely 
entered the system, but there is little evidence 
as to whether disease or parasites significantly 
affect the abundance of delta smelt or impede 
species recovery. The limited observations are , 

discussed in the following sections. A 



ease is thought to cause 
ty of carp and white cat- 

mortality of delta smelt 

nteragency Ecological Studies Program 
cramento-San Joaquin Estuary is fund- 
es by the University of California, 

that include estimation of the incidence 
ction among wild populations and 
on of water temperature effects on 
infections (Hendrick 1993). 

rmation about parasites is limited to gen- 
studies on other Delta species. Edwards 
Nahhas (1968) and Hensley and Nahhas 

that many types of protozoans, 
todes cestodes, nematodes, and crusta- 

d at least 28 species of Delta fish. The 
nt of Fish and Game (1989) also 
t striped bass in the Delta are more 

infested with parasites than those on 
antic coast, indicating that the Delta fish 

be more susceptible to infection (possibly 
of greater environmental degradation 
xicants and pollutants) or that the 

s poor defenses against endemic 

Interbreeding with Wakasagi 
(Pond Smelt) 

Under the assumption that delta smelt and 
wakasagi were the same species, wakasagi was 
introduced in 1959 from Japan into several 
California lakes and reservoirs as a forage fish 
for trout (Wales 1962). Wakasagi are present in 
Folsom Lake and have been collected in the 
American River downstream of the lake and 
close to the Delta (Moyle et a1 1993). 

Sweetnam and Stevens (1993) suggested that 
the possibility of genetic dilution of delta smelt 
by wakasagi has increased due to immigration 
of wakasagi from Central Valley reservoirs to 
the estuary. 

Delta smelt and wakasagi must be able to inter- 
breed if genetic dilution is to occur. Results 
from recent electrophoretic studies confirm 
that delta smelt and wakasagi are distinct 
speaes, and there is as yet no indication of 
hybridization (Stanely et a1 1993). Delta smelt 
is more closely related to surf smelt (H. pretio- 
sus) than to wakasagi. The distant relationship 
between delta smelt and wakasagi reduces the 
likelihood of successful hybridization between 
the two taxa. If a hybrid did form, it would 
probably be sterile (P. Moyle, pers comm). 

Based on this work, it does not appear that 
genetic dilution through interbreeding with 
wakasagi is a significant threat to the delta 
smelt population. 



Spawning Stock Size and 
Year-Class Streneth 

Examination of year-class strength as a poten- 
tial factor controlling delta smelt abundance is 
based on the stock-recruitment theory. Year- 
class strength is the measure of recruitment, or 
the numbers of young alive at some future 
time that were produced by the adult stock. 
The stock-recruitment relationship defines the 
stock's ability to replenish itself as stock size is 
reduced by exploitation (Koslow 1992). 

In general, attempts to relate recruitment in 
fish and other populations to parent stock size 
have been largely unsuccessful on an empiri- 
cal level (Hankin 1980). The lack of definable 
stock-recruitment relationships is a conse- 
quence of the early life history strategy of fish, 
high fecundity and high mortality rates. Given 
that mortality is an exponential process, small 
deviations in mortality lead to large changes 

in survivorship, which may obscure the SR 
relationship (Koslow 1992). Therefore, recruit- 
ment may appear to be not related to adult 
stock size or only weakly and linearly related 
to stock size, except when spawning stock is 
exceptionally high or low. 

Due to the I-year life cycle of delta smelt, adult 
smelt abundance may be limited by abundance 
and, consequently, egg production of adults in 
the previous year. The stock-recruitment rela- 
tionship for this species has been examined 
in Stevens et a1 (1990), Moyle et a1 (1992), 
Kimmerer (1992b), and most recently by 
Sweetnam and Stevens (1993). 

These analyses differed in the types of abun- 
dance index used, the years analyzed, and the 
types of statistical analysis (Table 8). Analysis 
by Stevens et al (1990) using midwater trawl 
data, which was also presented in Moyle et a2 
(1992), inadvertently included two pairs of 

Table 8 
SUMMARY OF STOCK-RECRUITMENT ANALYSES FOR DELTA SMELT 

Lovol of significance tesled nd given unless noled. 

Analysis Type of Analysis Index Years $ N 

Stevens el a/ (1 990) Nonlinear Regression Tow-Net 1959-1 990 0.067 26 
Nonlinear Tow-NetfFaU Miiater Trawl 1968-1 988 0.096 18 
Nonlinear Fa! Midwater Trawl 1967-1 989 0236 19 

Moyle et al(1992) Not Stated FaU Midwater Trawl 1967-1 989 0.24 19 

Ktmmerer (1992) Linear Regression ~omposite' 1959-1 991 0.79" 32 
Linear FaU Midwater Tmwl 1967-1 991 0.392" 20 

Sweetnam & Stems (1993) Nonlinear FaU Midwater Tmwl 1967-1 992 033 21 
Unear Fa0 Midwater Trawl 1967-1 992 024 21 

Oeparbnent of Water Resources NonIinear Fa0 Midwater Trawl 1967-1 991 0.32" 20 
Unear FaU Midwater Trawl 1967-1 991 0.392" 20 
NonIinear Fall Midwater Tmwl 1967-1 992 0227' 1 
Linear Fa0 MidwaterTmwl 1967-1 992 0,266' 21 
Spearman Rank Fa0 Midwater Trawl 1967-1992 14.62" ! 21 
Correlation Test 

6 ' f  

pd.05 
" pd.01 

4, - 

1 Composffe Index mrs celarlaied as the flrsl principal cornpow of three W1c08: townst, midwater trawl, and SWP salvage. To R i  datagaps, multipl0:regressh wa, 
ussd, whkh included indices nd missing kr lhat yeat and the previous yeat8 composilo index 



data in which the measure of recruitment 
ed 2 years later than the stock measure- 

. This may have affected results, given 
-year lifespan for most delta smelt. The 

artment of Fish and Game updated this 
is using corrected data points and re- 
revised midwater trawl indices through 

2 (Sweetnam and Stevens 1993), supersed- 
the earlier efforts. 

of the stock-recruitment relationship 
assessment reviewed the analyses of 

water trawl data by Kimmerer (1992b) and 
etnam and Stevens (1993). The SRrelation- 
using the midwater trawl data in Table 9 
examined using nonlinear regression 

erton-Holt SR model), linear regression 
log transformation techniques, and non- 

ametric statistics. 

Table 9 
FAlL MIDWATER TRAWL ABUNDANCE INDICES 

USED IN STOCK-RECRUITMENT ANALYSIS 
(Data from Department of Fa  end Clame) 

Yeaf Stock Recruitment 

1968 41 5 697 
1969 697 31 6 
1970 31 6 1 678 
1971 1 678 1305 
1972 1305 1267 
1973 1267 1146 
1976 698 338 
1977 338 480 
1978 483 572 
1981 1651 375 
1982 375 346 
1983 346 1 32 
1984 1 32 182 
1985 182 109 
1986 109 212 
1987 21 2 280 
1988 280 126 
1989 126 366 
1990 366 363 
1991 363 689 
1992 689 157 

Year recruitment was measured. No stock akmdance dafa were 
~bIreuuthentyean,1967,1816,end1880,which 
are nd induded k thie enalysie. 

I! I 

One of the statistical methods used to examine 
the stock-recruitment relationship was the 
Beverton-Holt stock-recruitment model through 
nonlinear regression techniques. Stevens et d 
(1990) analyzed the SR relationship using the 
striped bass summer tow-net data for 1959 to 
1990, a combination of summer tow-net and 
fall midwater trawl data, and the midwater 
trawl data for 1967 to 1989 (Figure 64). They 
found a weak SR relationship for all three 
datasets, but no indication was given whether 
the relationship was significant or not The 
best SR relationship could account for one- 
fourth (r2=0.236, N=19) of the variability in 
recruitment abundance based on midwater 
trawl data only. 
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nsrre 64 
SPAWNER-RECRUIT RELATIONSHIPS FOR DELTA SMELT 

A Tow-ne! Ma (spamors) and tow-ne! Ma br tho following yeam (rouUas). 
B. Midwafor trawl index (spawnem) and tow-net index the lollawing yoer (rouuh). 
C.M#watorbawlhda(spanrors)andmtcwlWtkMGvhgy~er(mE 

SourCQ: Stevens dal1880. 



More recent examinations of the relationship 
based on midwater trawl data again found 
spawning stock accounted for about one-fourth 
of the variability (r2=0.23, N=21) in Sweetnam 
and Stevens (1993) (Figure 65) and in our 
analysis (p<0.05, r2=0.229, N=21) (Table 8). 

70 . 
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Fwre 65 
SPAWNER-RECRUIT RELAT1ONSHIPS FOR DELTA SMELT 

BASED ON THE 
FALL MIDWATER TRAWL ABUNDANCE INDEX 

Spewnors are r9pr858nted by the abundance index 
Rocnd$ are represented by the abunda~ index Rr the kacming year. 

Source: Sweetnam and Slwene 1983. 

The strength of the relationship still suggests 
factors other than stock size (ie, environmental) 
are limiting delta smelt abundance, but stock 
size is still a contributing factor. Sweetnam 
and Stevens (1993) indicated that spawning 
stock size may be more important than pre- 
viously thought, in that losses of adult spawn- 
ers may have played an important role in the 
delta smelt decline and may inhibit recovery. 

Another statistical method used was linear 
regression and both log transformed and 
untransformed datasets. Kimmerer (1992b) 
found a significant relationship between 
recruitment and parent stock size for delta 

smelt based on his composite index of summer 
tow-net, fall midwater trawl, and State Water 
Project salvage operation data and to a lesser 
extent based on the midwater trawl abundance 
indices (Figure 66). 
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Figure 66 

DELTA SMELT STOCK-RECRUITMENT RELATIONSHIP 
USING THE COMPOSITE ABUNDANCE INDEX AND THE 

MIDWATER TRAWL INDEX 
The rnidwator trawl regressbn is signMcanl (pc0.01, ?4.39). 

Source: Kimrnerer 1882. 

The composite index, calculated as the first 
principal component of the three indices, ex- 
plained 79 percent of the variance in the three 
indices (p<0.01, r*=0.79, N=20) and is, there- 
fore, regarded as a surrogate for all three in 
representing the general trend in smelt abun- 
dance. His analysis of midwater trawl data for 
recruitment years 1968 to 1991 showed a large 
and significant portion (p<0.01, r2=0.392i 
N=20) of the variance in recruitment could be' 
explained by adult stock size. 



results using the same database support 
rer's findings based on midwater trawl 

(p<0.01, r2=0.39, N=20). Recently, 
r, these indices have been revised for 

e years. Inclusion of the 1992 recruitment 
and revised indices resulted in a decline 
e amount of variability in recruitment 

ed to spawning stock size from 39 per- 
27 percent (p<0.05,$=0.266, N=21). A 
analysis by Sweetnam and Stevens 
using nontransformed data found 
g stock accounted for 24 percent of the 

in recruitment (no level of signifi- 
d, r2=0.24, N=21). 

stock and recruitment are not typi- 
rmally distributed, the significance 

e SR relationship was also examined 
metrically using Spearman's rank 
n test. A significant positive associa- 

Spearman's correlation coeffi- 
, N=21) was found between stock 
ent for 1967 to 1992. 

Beverton-Holt stock-recruitment model 
lies that, beyond some level of adult stock, 

ill effectively be no further increases in 
ent (Hankin 1980). That is, beyond 
mum stock abundance level, recruit- 

ecomes essentially independent of 
undance. The model results further 

ental factors between 
ost strongly influence 

ecruits of the next year class. 
when recruitment is assumed 

on to environmental 
sustainability of yield 
to depend mainly upon 

ock may be reduced 
significantly impaired 

cation of this stock-recruitment theory to 
elta smelt population suggests that below 
level of spawning stock the ability of the 

population to continue is probably hindered 
and recruitment significantly impaired. This 
supports the basic conclusions of Stevens ef a2 
(1990) and Moyle et al(1992). Fish populations 
are typically regulated mainly by highly 
variable factors (ie, predation, environmental 
variability, food availability) unrelated to 
stock size, except at extremes in population 
size (Strong 1986 cited by Koslow 1992). 
Sweetnam and Stevens (1993) also suggest 
that environmental factors cause much of the 
annual variation in delta smelt abundance, but 
that losses of spawning stock may have played 
an important role in the population's recent 
decline and may inhibit recovery. 

The spawning stock may not need to be large 
for the species to perpetuate itself, as postu- 
lated by Moyle and Herbold (1989). For exam- 
ple, delta smelt recruitment was the highest on 
record in 1970, yet the spawning stock was 
fairly low. Conversely, a large spawning stock 
does not necessarily result in large reauit- 
ment, as indicated by 1981 recruitment. Based 
on stock-recruitment data from 1967 to 1992, it 
does appear that smaller delta smelt stocks 
will, in general, produce low to moderately 
low recruitment. 

The decline of delta smelt was apparently 
due to poor recruitment from 1983 to 1989, 
the period of poorest recruitment on record. 
Exactly what caused this poor recruitment is 
still unclear. Recruitment was good in 1970- 
1973 and 1980 and was moderately low in 
1967-1969,1975-1978, and 1990-1991. It is not 
known what conditions caused the high re- 
cruitment in 1970 and 1980 and then the low 
recruitment in 1981 despite a good spawning 
stock. Since the tow-net index in 1981 was 
moderately good, something must have hap- 
pened over the summer between the period 
when the tow-net index was set and when the 
midwater trawl index was calculated. 



chapter6 
CVPISWP OPERATION SIMULATIONS 

Planning Simulation Model, DWRSIM, 
to simulate monthly operation of 

entral Valley Project and State Water 
cilities under the water demands and 

1 constraints expected during the 
few years. The model accounts for total 

ility, storage, release, and use of water 
e Sacramento and San Joaquin river 

Delta, and the aqueduct systems 
th of the Delta. Input to the model is histori- 

adjusted for future upstream 
ons and water demands. The present 
uses a 1995 level of hydrology and up- 
depletions from Bulletin 160-93 land 

projections (DWR 1993~). Model output 
udes monthly data on reservoir storage 
releases, monthly inflows to the Delta, and f thly exports and outflows from the Delta. 

Modeling Assumptions 

eling assumptions were based on the Feb- 
1993, National Marhie Fisheries Service 

gical opinion for operation of the Central 
ey Projed and State Water Project for winter- 
Chinook salmon and Decision 1485. The 

ulation included existing facilities for a 71- 
period, 1922 to 1992. Combined, rather 
individual, SWP and CVP exports were 
eled because of uncertainties about future 

and Banks pumping plant operations 
the Coordinated Operation Agreement. 
d SWP annual demands were assumed 
about 7 million acre-feet. 

Not all of the 13 criteria required by the biologi- 
cal opinion in the "Reasonable and Prudent 
Alternative" (see Chapter 4) could be modeled 
in DWRSIM. Those items that were included 
are summarized below (using the NMFS num- 
bering sequence). 
2. End-of-water-year (September 30) carry- 

over storage in Shasta reservoir is main- 
tained at 1.9 MAF in normal years. In some 
critical years, however, it was not possible 
to meet this criterion. 

3. A minimum flow of 3,250 cfs from Keswick 
Dam to the Sacramento River is maintained 
from October 1 through March 31 of all 
water year types. 

7. The Delta Cross Channel gates are main- 
tained in the closed position from February 
1 through April 30 of all water year types. 

9. QWEST flow is maintained at greater than 
or equal to 0 cfs from February 1 through 
April 30 of all water year types. 

10. QWEST flow is maintained at greater than 
-2,000 cfs from November 1 through Janu- 
ary 31 of all water year types. This standard 
was not dropped whenever Mallard Slough 
water quality is better than or equal to 3.0 
@/cm specific conductance. 

Additional assumptions for the single model- 
ing run, NMFS-186, are listed in Appendix A. 

The most significant criterion that could not be 
modeled was the "take" limit of winter-run at 
the SWP and CVP export pumps in the Delta, 
which required significant reductions in ex- 
ports in 1993 even when all water quality and 
flow criteria were met. 



Model Limitations 

The modeling approach for the present study 
is not the usual use of DWRSIM. The model is 
most effective for comparisons of relative im- 
pacts of different scenarios, but only one set of 
operation criteria could be identified for the 
present assessment. A "no project" base could 
not be identified for comparison. Modeling 
statewide hydrology without project opera- 
tion is not realistic, because project reservoirs 
and the Delta Cross Channel have critical flood 
control functions. 

Model simulations do not include all operating 
constraints, so predicted flows and reservoir 
elevations may not fully represent "real world" 
conditions. For example, water temperature 
criteria in the Sacramento River and winter- 
run Chinook salmon "take" limits at Banks 
and Tracy pumping plants could not be modeled 
but could have a major effect on operations. 
The model also does not include any water 
exchanges and transfers to alleviate critical 
shortages or real-time operational management 
to optimize water availability and meet Delta 
standards. Furthermore, additional North Bay 
Aqueduct diversions to meet water quality 
standards in the western Suisun Marsh were 
not modeled. 

The operation studies are based on meeting 
CVP and SWP contractors' annual requests. In 
conjunction with meeting these requests, the 

projects are operated to maximize storage 
south of the Delta to meet the following year's 
water demands. SWP demands of 3.6 million 
acre-feet used in the operation studies are near 
the current demand level of 3.854 million acre- 
feet. However, the operation studies do not 
address situations when all the contractors' 
demands are met, storage south of the Delta is 
full, there is still water available in the Delta, 
and "unused" pumping capacity is available at 
Tracy and Banks pumping plants. 

The "unused" pumping capacity is the differ- 
ence between direct delivery requirements of 
the contractors and the maximum pumping 
capability at the plant (while meeting all Delta 
and permit requirements). While this situation 
is not expected to occur frequently under the 
current Endangered Species Act restrictions, it 
will happen, and the pumping capacity should 
be used. This coming winter is an excellent 
example of this situation. The SWP share of 
San Luis Reservoir is expected to fill by 
October 31,1993. Pumping capacity at Banks 
Pumping Plant from November 1993 through 
April 1994 will be greater than required to 
meet contractors' direct delivery requirements 
in that period. This available pumping capac- 
ity could be used to move additional water 
south of the Delta to wherever storage space 
can be found. This extra water would then be 
used in the future to offset deficiencies caused 
by restricted Delta pumping. 



Chapter 7 
ANALYSIS OF 

CVP AND SWP IMPACTS ON DELTA SMELT 

#suits of the DWRSIM modeling run to 
ess project impacts are summarized in 

es 67 through 74 for different water year 
These figures show the range of potential 

a hydrodynamic conditions and pumping 
s that might occur during the mid-1990s 

ration of existing Central Valley Project 
Water Project facilities. The expected 

cts on delta smelt, based on current 
eling capabilities and assumptions, are 

ed below. Many of these assumptions 
water management operations and 
elt behavior and impacts are being 
Many such associations and correla- 
inconclusive and may be subject to 

er evaluation. Thus, modelkg resulk may 
to reflect CVP and SWP impacts. 

( 1 Tracy Pumping Plant and 
Banks Pumping Plant 

ated future exports for Tracy Pumping 
and Banks Pumping Plant (combined 
ing), North Bay Aqueduct, and Contra 
Canal are presented in Figures 67 to 69. 
of these facilities results in entrainment 

associated losses of delta smelt that would 

nit/ occur if the project were not present. 

magnitude and timing of losses at the 
ter Project and Central Valley Project 

to result from complex interactions of 
factors, including flow, delta smelt dis- 
n, and cohort abundance. The most 

mechanism for flow and distribution 
is that in low outflow years the delta 

smelt population shifts to upstream areas, where 
entrainment risks are greater. The impact of 
losses following entrainment is expected to be 
greater when year-class strength is weak. Year- 
class strength appears to depend at least partly 
on the number of adult spawners the previous 
year. Rationale for this hypothesis is described 
below. 

A shift in population distribution has been 
established by Stevens et al (1990). The cause 
of the distribution shift appears to be inaeased 
salinity in Suisun Bay and the western Delta 
during drier years, discussed in Chapter 5 
under 'Water Quality". 

Actual levels of entrainment and associated 
losses at the Central Valley Project and State 
Water Project Delta facilities are not known 
because information is lacking about screen- 
ing efficiencies and predation rates. Without 
this information, salvage at the export facilities 
provides only an index of the relative timing 
and magnitude of entrainment and losses. 

The major evidence for inaeased losses during 
drought years is the significant relationship ' 
between March-to-May salvage of juvenile delta 
smelt at Skinner Fish Facility and total Delta 
outflow during periods of peak abundance. 
Salvage levels at Tracy Fish Facility appear to 
be higher in many dry years, but further analyses 
are needed to accurately separate juveniles 
from adults in the salvage data. Diversion, en- 
trainment, and losses are discussed in Chapter 5. 

The higher risk of entrainment and, presum- 
ably, associated losses in the interior Delta is 
consistent with DWR Particle Tracking Model 



studies (Chapter 5), which indicate the export 
pumps have a "zone of influence" in the inte- 
rior Delta from which a large percentage of 
modeled particles were entrained. If the distri- 
bution of delta smelt is shifted into this area, 
losses from entrainment are likely to increase. 

Although flows in the western Delta were also 
shown to be significantly correlated with SWP 
salvage, particle tracking studies suggest reverse 
flows are a a good indicator of entrainment. 
Model studies showed particles in the interior 
of the Delta were carried to the export pumps 
despite high positive QWFST values. QWFST 
and actual western Delta flow are not equiva- 
lent, but often show similar trends. The asso- 
ciation between western Delta flow and salvage 
may, therefore, be due to the correlationbetween 
western Delta flow and Delta outflow or other 
factors, rather than to a direct cause-and-effect 
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relationship. The relationship between Delta 
inflow and SWP salvage may be due to a similar 
reason. As evidence that Delta outflow is a 
better indicator of entrainment and associated 
losses, this variable had a higher rzvalue with 
salvage than either western Delta flow or Delta 
inflow. Although export levels could change 
the area affected by pumping, exports were not 
found to be correlated to salvage levels, even 
whendrought years are isolated. Hence, although 
future exports will continue to be higher in 
wetter years when outflow is high (Figure 67), 
statistical evidence suggests impacts will be 
1- in wetter years than in drier years. 

While outflow appears to be a major hydrologic 
variable associated with SWP entrainment and 
loss, impacts to the smelt population also depend 
on year-class strength. If year-class is weak, the 
relative impacts of entrainment-related losses to 
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delta smelt population are expected to be 
SWP and CVP entrainmentindices devel- 
incorporate cohort abundance generally 
the same trend as the salvage/outflow 

p. Impacts for 1979 to 1993 were 
y lower in wet years and high in most 
ht years. There are, however, some 

to this trend (eg, 1984), indicating 
additional factors must be considered. 

n these observations, it is not surpris- 

I t no simple relationship has been found 
een delta smelt abundance indices and 

orts. It is possible that direct losses have 

I e effect on abundance indices except in 
ght years when cohort strength is weak. As 

I 
population level impacts for the simu- 

d.exports (Figure 67) and outflow (Figure 
cannot be specified, because we do not 
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know year-class strength in advance. Based on 
the significant stock-recruitment relationship 
for delta smelt, year-class strength depends at 
least partly on the number of spawners the 
previous year. In addition, the distribution of 
exports between the State Water Project and 
Central Valley Project is not known because of 
uncertainties about the Coordinated Operation 
Agreement, so potential differential losses at 
the two facilities cannot be identified. None- 
theless, impacts will likely be lower than in the 
1980s, because winter-run salmon take limits 
will result in reduced exports during winter 
and spring, when entrainment appears to be 
highest. Incidental loss from entrainment of 
delta smelt will be further reduced in drier 
years, as exports are limited to meet QWEST 
requirements. 
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North Bay Aqueduct 

The presence of delta smelt larvae in Barker and 
Lindsey sloughs near the North Bay Aqueduct 
intake since 1986 suggests a small number of 
smelt are entrained at this facility, at least in 
dry years. At present, data are insufficient for 
predicting loss levels, but future impacts could 
be different due to inaeased diversions to help 
meet Decision 1485 salinity standards in west- 
em Suisun Marsh. If tests in 1994 show efforts 
to improve salinities in western Suisun Marsh are 
successful, additional diversions from January 
through March could be up to 50 cubic feet per 
second and from April through May could be 
up to 30 cfs greater than shown in the simula- 
tions of critical and dry years (Figure 68). Based 
on historical hydrology, this would occur in 15 
percent of years but would depend on the 
seasonal pattern of rainfall and flow. However, 
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increased losses at the North Bay Aqueduct 
could be partially offset by improved water 
quality in northwestern Suisun Marsh, thereby 
providing additional low-salinity habitat for 
smelt in drought years. 

Contra Costa Canal 

Entrainment data for Contra Costa Canal are 
limited, making it difficult to estimate loss 
rates. A transport modeling simulation for the 
proposed Los Vaqueros Project based on spe- 
cific hydrology, smelt abundance, and distri- 
bution suggests losses could be substantial 
(Jones and Stokes 1992). The degree to which 
model results represent the variability in smelt 
abundance and distribution under actual con- 
ditions is not known. 
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ed on salvage results from Skinner and 
cy fish facilities, delta smelt may also be 
re vulnerable during drought years, when 

distribution shifts closer to the diversion. 
ads at the population level could also be 
est when drought coincides with low 

ass strength. 

Suisun Marsh 
.Salinity Control Facilities 

toring indicates the Suisun Marsh Salinity 
trol Gates have had minimal adverse im- 

on delta smelt, and there is no evidence 
ontinued operation of the gates would 

te additional impacts. The impacts of the 
stem Suisun Marsh Salinity Control Project 

Id be the same as those desaibed for the 
Bay Aqueduct. 
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The Roaring River Diversion has been found 
to entrain delta smelt, although addition of a 
fish screen appears to have significantly re- 
duced those impacts. Entrainment is expected 
to continue at low levels when delta smelt are 
present in Suisun Marsh. However, delta smelt 
have become increasingly rare in the marsh 
since 1981, so entrainment may be infrequent 
until the population recovers. 

I 
Fwre 73 

TOTAL DELTA OUTFLOW 

Delta Inflow and Outflow 

Average Sacramento River flow, average San 
Joaquin River flow, total Delta inflow, and total 
Delta outflow from the 71-year simulation are 
presented in Figures 71 to 73 for each water 
year type. Impacts of project-related changes 
to flow on direct loss are desaibed earlier in 
this chapter. Altered flow patterns in the estu- 
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ary could have other impacts to delta smelt, 
including changes in entrainment rates at 
agricultural or industrial diversions. 

Upstream reservoir storage and project ex- 
ports reduce outflow in winter and spring, 
contributing to an incremental upstream shift 
in delta smelt distribution However, releases 
from CVP and SWP reservoirs also maintain 
summer and fall outflow higher than it would 
be without the projects. Particle tracking stud- 
ies suggest entrainment by agricultural diver- 
sions may be high if delta smelt are forced to 
move into the interior Delta. Changes in out- 
flow could also move delta smelt populations 
closer to or farther from the influences of PG&E 
diversions near the confluence of the Sacra- 
mento and San Joaquin rivers. However, the 
lack of a significant relationship between out- 
flow and abundance indices (Moyle et a1 1992; 
Stevens et al1990) implies that outflow is not 
a reliable direct measure of population level 
impacts to delta smelt. Nonetheless, changes 
in Delta outflow due to project operation 
could alter delta smelt losses at agricultural 
diversions. The net effect of outflow changes 
on losses from entrainment and impingement 
at PG&E facilities would be either beneficial or 
detrimental, depending on the water year. 

Changes in delta outflow resulting from pro- 
ject operation may also affect the position of 
the entrapment zone. Although a weak statis- 
tical relationship was found between the fall 
midwater trawl index and entrapment zone 
position, the association is apparently due to 
autocorrelation from stock-recruitment effects. 
Therefore, there is no clear evidence that project- 
related changes in the entrapment zone will 
affect delta smelt abundance. 

Reverse Flow I 
Results from the model DWRSIM, summa- 
rized in Figure 74, indicate QWEST is getter- 
ally positive in wet years, but net reverse flaws 
are common in August and September. In other 
water year types, net reverse flows are frequently 
strongest from July through September and 
range from -2000 to +2000 cfs the rest of the 
year. The export facilities contribute to net 
negative reverse flows that would not occur 
without SWP and CVP pumping in the Deb.  

Although there has been some concern that net 
reverse flow may be detrimental to delta smelt 
(Moyle et a1 1992), no association has been 
found between QWEST and abundance indices. 
Moreover, modeling studies show that particles, 
and presumably young fish, in areas west of 
Antioch are only slightly affected by net reverse 
flows (QWEST = -2000 cfs). Model results also 
suggest QWEST is a poor indicator of entrain- 
ment of particles at SWP, CVP, and agricultural 
diversions because entrainment occurs in the 
interior delta even at high positive QWEST 
values. While these results should be inter- 
preted with caution because smelt do not 
behave like neutrally-buoyant particles, they 
at least indicate the major processes. There- 
fore, the QWEST levels shown in Figure 74 are 
not expected to create additional impacts to 
those identified for Delta outflow. 

Delta Cross Channel Gates 

Closing the Delta Cross Channel gates from 
February 1 through April 30 could create a 
barrier to some adult delta smelt migrating 
upstream to spawn. It is not known whether I the Delta Cross Channel, with the radial gates. 
closed, would provide acceptable spawningQ 
habitat similar to a dead-end slough (Radtke 
1966) or whether operationwouldinterfereiwitli : 
spawning success by delaying migration, , 



eration of the Delta Cross Channel changes 
patterns in the Delta and may result in 

eased or decreased vulnerability of larval 
a smelt to entrainment by CW, SWP, agri- 

al, and industrial diversions. Modeling 
dies using tracers suggest closing the Delta 
ss Channel could reduce entrainment and 
sequent loss of larval fish spawned in the 
arnento River but adversely impact fish 

d in the lower San Joaquin River system. 
en these conflicting results and uncertain- 
about the degree to which tracers simulate 
ae, the overall impact of Delta Cross Chan- 

ration is not known. Impacts are likely 
to the annual distribution of spawning 
n the two river systems. 

South Delta Temporary Bamers 

As discussed in Chapter 5, the South Delta 
Temporary Barriers Program has had little or 
no effect on CVP or SWP losses, egg and larval 
distribution, or predation near the barriers (DWR 
1993b). Given the extremely small number of 
Delta smelt in the project area, future tempo- 
rary barrier operations are not expected have 
significant impacts. Nonetheless, transport 
modeling studies suggest losses could occur 
under certain conditions of bamer operation 
(DWR 199313). These results should be inter- 
preted with caution, because the tracer mass 
may not be a realistic surrogate for Delta smelt 
eggs and larvae. 
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Appendix A 
DWRSIM ASSUMPTIONS IN ADDITION TO 

I2HINOOK SALMON BIOLOGICAL OPINION OPERATIONS 

Revised 1995 level hydrology and upstream depletions, based on DWR Bulletin 160-93 land 
use projections (71 years, 1992-1992). 

Minimum Delta outflow requirements are maintained to satisfy Decision 1485, assuming 
interim Suisun Marsh criteria. 

.I/ / Existing CVP and SWP facilities are assumed. 

Carriage water requirements based on allowable export/salinity repulsion curves for Rock 
Slough, designed to maintain an average monthly water quality of 130 ppm chlorides during 
winter and spring and 225 ppm chlorides during summer and fall, with buffer for actual 
150/250 standard. 

SWP Banks Pumping Plant average monthly capacity with four new pumps is 6,680 cfs (or 
7,300 cfs in some winter months) in accordance with the U.S. Army Corps of Engineers permit 
aiteria. Pumping is limited to 3,000 cfs in May and June and 4,600 ds in July to comply with 
Decision 1485 aiteria for striped bass survival. In addition, SWP pumping is limited to 2,000 
d s  in any May or June in which storage withdrawals from Lake OroviIle are required (per 
the January 5,1987, Interim Agreement between the Department of Water Resources and 
Department of Fish and Game). 

1 CVP Tracy Pumping Plant capacity is 4,600 cfs, but constraints along the Delta-Mendota 
Canal and at the re-lift pumps (to O'Neill Forebay) restrict export capacity to 4,200 cfs at 
those points. Pumping is also limited to 3,000 cfs in May and June in accordance with Decision 
1485 criteria for striped bass survival. 

i Wheeling of CVP water through SWP facilities to San Luis Reservoir is permitted as needed 
to offset CVP Tracy Pumping Plant compliance with Decision 1485 aiteria in May and June. 
As specified in the Coordinated Operation Agreement, SWP pumping capacity will be made 
available so that CVP wheeling wilI be completed by the end of August each year. 

In addition, 128,000 acre-feet per year of CVP water is wheeled to meet Cross Valley Canal 
demands when unused capacity is available at SWP Banks Pumping Plant. 

I CW/SWP sharing of responsibility for coordinated operation of the two projects is main- 
tained per the Coordinated Operation Agreement. Storage withdrawals for in-basin use are 
split 75 percent CVP and 25 percent SWP. Unstored flow for storage and export is split 55 
percent CVP and 45 percent SWP. 

i New Trinity River minimum fish flows below Lewiston Dam are maintained at 340,000 
aae-feet per year for al l  years, based on the May 1991 letter of agreement between the U.S. 
Bureau of Reclamation and the U.S. Fish and Wildlife Service. 



Saaamento River minimum fishery flows below Keswick Dam are maintained per the 
agreement between the U.S. Bureau of Reclamation and the California Department of Fish 
and Game (as revised October 1981). These flows range from 2,300 to 3,900 cfs, depending 
on the time of year, per the Bureau of Reclamation's Shasta criteria. 

Saaamento River navigation control point flows are maintained at 5,000 cfs from April 
through October and 4,000 cfs from November through March of all normal CVP d&ery 
years. During years when defiaenaes are imposed on CVP water deliveries, flows are 
maintained at 4,000 cfs during all months of the year (assumed on a March-February basis) 
that deficiencies would be imposed. 

Feather River fishery flows are maintained per the August 26,1983, agreement between the 
Department of Water Resources and Department of Fish and Game. In normal years, these 
minimum flows are 1,700 cfs from October through March and 1,000 cfs.from April t hmgh  
September. Lower flows are allowed in dry and critical water years. In addition, the 
maximum flow restriction of 2,500 cfs for October and November is maintained pez the 
agreement criteria. 

American River minimum fish and recreation flows are based on storage in Folsom W e ,  
per U.S. Bureau of Reclamation operation aiteria. Minimum flows range between 2!50 and 
2,000 cfs. 

Stanislaus River minimum fish flows below New Melones Reservoir range from 98,000 to 
302,000 aae-feet per year, according to the June 1987 interim agreement between the Bureau 
of Reclamation and the Department of Fish and Game. The actual minimum fish flow for 
each year is determined based on the water supply available for that year. 

San Joaquin River water quality standards at Vernalis are maintained per State Water 
Resources Control Board Decision 1422 (500 ppm TDS on an average basis). Additional water 
is released from New Melones Reservoir when necessary to maintain these standards at 
Vernalis, up to a maximum of 70,000 acre-feet per year. 

Existing CVP Delta demands (in acre-feet per year) are assumed, as follows: 
Contra Costa Canal ........................................................................ 118,000 
Delta-Mendota Canal and Exchange ...................................... 1,484,000 
CVP San Luis Unit ..................................................................... 1,259,000 
San Felipe Unit .............................................................................. 196,000 
Cross Valley Canal ....................................................................... 128,000 
Losses ............................................................................................. 179.000 
Total CVP Delta Demand .......................................................... 3,364,000 

Folsom-South Canal ....................................................................... 65,000 

SWP contractor requests are set at 1992 level, as submitted by the contractors, and are met 
to the extent possible each year based on available supply. The amounts (in aae-feet per year) 
are: 

North Bay Aqueduct ...................................................................... 50,000 
South Bay Aqueduct ................................. ................................. 189,000 . . . .  

3 .  - < SWP Dos Amigos ....................................................................... 3,382,000 ... ,.: 
I . . )  Reaeation and Losses .................................................................... 64.000 . , . :, 
. . Total SWP Demands .................................................................. 3,685;000 . .  


