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Executive Summary

In response to the 2004 National Marine Fisheries Service (NMFS) biological opinion,
the California Department of Water Resources (DWR) conducted a study in 2005, 2006,
and 2007 to assess and quantify steelhead pre-screen losses within Clifton Court Forebay.
Steelhead entrained in the Forebay are subject to predation, synonymous with pre-screen
loss, as they traverse the Forebay toward the John E. Skinner Delta Fish Protective
Facility (SFPF). The investigation was developed to provide useful information that
could serve to reduce the potential vulnerability of steelhead to predation mortality in
Clifton Court Forebay. Results from this study may be used in the calculation of Central
Valley steelhead incidental take as a result of State Water Project (SWP) operations.

A pilot-scale telemetry experiment utilizing hatchery reared steelhead was conducted in
April — June, 2005 to develop an understanding of the movement of juvenile steelhead
through the Forebay and identify potential areas of increased vulnerability to predation
mortality. The 2005 pilot study utilized thirty hatchery reared juvenile steelhead which
were surgically implanted with acoustic tags prior to release into the Forebay. Three
groups of ten tagged steelhead were released immediately upstream of the radial gates to
expose them to the high water velocities and turbulence experienced by wild fish
entrained into the Forebay.

Additionally, the 2005 pilot study was conducted to identify movement patterns of
predator-size striped bass and evaluate fundamental assumptions used in developing the
experimental design for a full-scale mark-recapture survival study. Sixteen adult striped
bass, the primary predator species thought to be responsible for the pre-screen loss of
steelhead, were collected in the Forebay, externally tagged using acoustic tags, and
subsequently released back into the Forebay. Movement of the juvenile steelhead and
adult striped bass was monitored continuously using fixed-position acoustic receivers
deployed adjacent to the radial gates, in the Forebay, in the SFPF salvage holding tanks,
and in Old River. Mobile monitoring was also conducted to track the movements of
these fish throughout the Forebay.

Telemetry results showed that of the thirty steelhead released upstream of the radial
gates, twenty were last detected in the Forebay at the end of the tag’s battery life
(approximately 60 days), four were detected in the SFPF salvage holding tanks, four were
detected emigrating through the radial gates into Old River, one was not entrained into
the Forebay, and one tagged steelhead failed to be detected. Seventeen of the twenty-
eight steelhead entrained into the Forebay were detected entering the intake canal leading
to the SFPF. Thirteen of those seventeen were detected in the general vicinity of the
trashboom, while only four of the tagged steelhead were detected in the SFPF salvage
holding tanks.

Striped bass telemetry results revealed that adult striped bass moved throughout the
Forebay. However, they were concentrated in the area immediately adjacent to the radial
gates and within the intake canal leading to the SFPF. Adult striped bass were also
observed to emigrate from the Forebay into Old River during periods when the radial
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gates were open. Recreational anglers within the Forebay harvested at least two of the
acoustic tagged striped bass in 2005 illustrating that adult striped bass tagged for this
study were actively seeking prey for consumption.

The 2005 pilot study provided useful information on movement patterns and residence
time of juvenile steelhead and adult striped bass within the Forebay. Findings of the
2005 pilot study also documented emigration of both steelhead and striped bass from the
Forebay during periods when the radial gates were open and identified areas within the
Forebay where juvenile steelhead may have an increased vulnerability to predation. The
2005 pilot study indicated that the methods and technologies tested were appropriate and
could be utilized in the full-scale study to evaluate the pre-screen loss rate of juvenile
steelhead. The 2005 pilot study also indicated that a high percentage of steelhead remain
in the Forebay longer than the battery life of the acoustic tagging technology utilized. To
ascertain the fate of these fish, an additional tagging technology would need to be utilized
in the full-scale study.

Another pilot-scale telemetry study was conducted in March — July, 2006 to further
investigate the movements of juvenile steelhead through the Forebay and to refine the
placement of acoustic tag receivers for optimal fish tag detections for the full-scale study.
In 2006, changes were made to the fixed position acoustic receiver grid to address issues
with signal overlap between the receivers as experienced in the 2005 pilot study. The
new receiver grid covered the majority of Clifton Court Forebay rather than a center
transect, as was covered in 2005. Similar to the 2005 pilot study, the 2006 pilot study
utilized thirty hatchery reared juvenile steelhead. These steelhead were surgically
implanted with acoustic tags and twenty-nine were released into the Forebay in three
groups.

Results of the 2006 pilot study were similar to those in 2005. Juvenile steelhead
monitoring revealed that of the twenty-nine steelhead released, twenty-two were last
detected in the Forebay at the end of the tag’s battery life (approximately 60 days), two
were detected in the SFPF salvage holding tanks, and five were detected emigrating
through the radial gates into Old River. The new acoustic receiver grid revealed that
steelhead moved throughout the Forebay, including the most northern and southern areas
not covered by the acoustic grid in 2005. The majority of the tagged steelhead released
in the 2006 study were last detected in the Forebay, conceivably lost to predation.

A full-scale mark-recapture study was conducted between December, 2006 and June,
2007, and was designed to quantify steelhead pre-screen loss. Additionally, the 2007
full-scale study was designed to evaluate the behavior and movement patterns of
steelhead and striped bass within the Forebay and identify environmental or operational
factors that may contribute to steelhead pre-screen loss. In 2007, two tagging
technologies, acoustic and Passive Integrated Transponders (PIT) tags, were utilized.
Similarly to the 2005 and 2006 pilot studies, acoustic tags were used to gain information
about the movement patterns of steelhead and striped bass within Clifton Court Forebay.
In response to the 2005 pilot study recommendations, PIT tags were used to quantify the
pre-screen loss rate and the SFPF loss rate. In contrast to acoustic tags, PIT tags do not
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have a battery and could be detected for the entire duration of the full-scale study. In
addition, PIT tags are inexpensive when compared to acoustic tags and allowed for a
larger sample size.

The movement patterns of steelhead and striped bass were examined using acoustic
telemetry. Sixty-four steelhead were surgically implanted with acoustic tags and released
immediately upstream of the radial gates between February — April, 2007. Fifteen
acoustic tagged steelhead were also released directly into the SFPF primary louver bays.
Twenty-nine striped bass collected in the Forebay were externally tagged and
subsequently released back into the Forebay. Movements of the acoustic tagged juvenile
steelhead and adult striped bass were monitored continuously using fixed-position
acoustic receivers deployed in a similar grid to that of the 2006 pilot study.

Acoustic tagged steelhead entrained into Clifton Court Forebay through the radial gates
showed varied movement patterns. Many steelhead remained near the radial gates for the
duration of the study period and yet other steelhead moved into the northern and central
portions of the Forebay. Of the 64 steelhead entrained into the Forebay, 12 (19%)
steelhead were detected in the intake canal. Ten of the 12 steelhead detected in the intake
canal were also detected at the trashboom. However, only two acoustic tagged steelhead
were detected as having been successfully salvaged. No steelhead released directly
upstream of the radial gates were lost through the primary louvers. Twenty of the
acoustic tagged steelhead entrained were detected emigrating to Old River through the
radial gates. However, it cannot be confirmed conclusively that the steelhead observed
emigrating had not been preyed upon within the Forebay and their predators moved from
the Forebay through the radial gates into Old River. Of the sixty-four juvenile steelhead
entrained into the Forebay, 44 (69%) remained in the Forebay at the end of the study
period. Twenty-nine of those 44 were last detected at the radial gates. Several of the
steelhead last detected at the radial gates were stationary for a long period of time with no
subsequent movements. These stationary tags may be attributed to steelhead that were
consumed by striped bass with subsequent tag deposition.

Steelhead movement rates were calculated hourly and tested for correlation with
environmental and operational conditions. Data analysis revealed that there was no
correlation between steelhead movement rates and water temperature, export rate,
turbidity, radial gate water velocities, or light intensity. However, steelhead movement
rates were correlated to the length of time spent within Clifton Court Forebay. The
longer steelhead remained within the Forebay the less they moved.

Similar to the steelhead telemetry results, striped bass telemetry results showed varied
movement patterns. Striped bass were observed to move throughout the Forebay with a
few striped bass spending considerable time in the northern portion of the Forebay.
However, many of the tagged striped bass also spent long periods of time either near the
radial gates or in the intake canal upstream of the SFPF. A few striped bass were
observed to make many trips between the radial gates and the intake canal. However,
neither radial gate operations nor Harvey Banks Pumping Plant operations had an effect
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on the proportion of time tagged striped bass spent near the radial gates or in the intake
canal.

Striped bass were commonly observed emigrating from the Forebay. Eighteen of the 29
tagged striped bass were detected emigrating from Clifton Court Forebay into Old River.
Three of these striped bass returned to the Forebay through the radial gates. Previous
studies have documented striped bass emigration through the radial gates (Kano, 1990;
Gingras and McGee, 1997). Thus, striped bass located within the Forebay are not
isolated from the rest of the Delta population. The striped bass emigrating from the
Forebay in the 2007 study were detected as far away as the Golden Gate Bridge and
above Colusa on the Sacramento River.

Striped bass movement rates were calculated hourly and tested for correlation with
environmental conditions. Data analysis indicated that there was no correlation between
striped bass movement rates and water temperature, turbidity, or light intensity.

The 2007 full-scale study used nearly 1,200 juvenile steelhead obtained from the
Mokelumne River Fish Hatchery for the PIT tag mark-recapture survival experiment.
Pre-screen loss rate was quantified using 922 PIT tagged steelhead released immediately
upstream of the radial gates. PIT tagged steelhead releases began in January and
continued through April. SFPF loss rate, loss of fish within the SFPF due to predation or
losses of fish through the primary louvers, was quantified using PIT tagged steelhead
released directly into the SFPF primary louver bays. PIT tagged steelhead were detected
post salvage by antennae installed at the SFPF salvage release sites.

Pre-screen loss rate was calculated from recoveries of the PIT tagged steelhead released
immediately upstream of the radial gates and was 82 +3% (mean + 95% confidence
interval). However, this estimate may have underestimated the number of steelhead
emigrating from Clifton Court Forebay and into Old River leading to an overestimate of
pre-screen loss rate. A second estimate of pre-screen loss rate, calculated from recoveries
of the PIT tagged steelhead, included information gained about emigration based on
acoustic tagged steelhead movements. This estimate of pre-screen loss rate was 78 £4%
(mean + 95% confidence interval). However, this estimate may underestimate pre-screen
loss rate given the uncertainty in the acoustic telemetry results for the steelhead
emigrating from the Forebay to Old River. Statistical analysis showed that pre-screen
loss rate did not differ by month of release. However, the time to salvage was greater for
PIT tagged steelhead released at the radial gates in February than those released in
January or April. In contrast to the high pre-screen loss rate, the SFPF loss rate was 26
+7% (mean + 95% confidence interval).

In 2007 an avian point count survey was conducted to determine the prevalence of avian
predation occurring in the Forebay. This survey focused on the abundance, distribution,
and behavior of birds in the Forebay that were capable of preying on juvenile steelhead.
The frequency of survey observation periods ranged from two to three times per week. A
total of 87 observation periods were completed during the study. Observational data
indicated that Double Crested Cormorants, gulls, and Great Blue Herons, were present
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within Clifton Court Forebay for the entire duration of the 2007 study period. Double
Crested Cormorant numbers declined through time. Other avian predators, including
Western Grebes, Clarke’s Grebes, Great Egrets, and White Pelicans were also present
within the Forebay, but not in high enough numbers to conduct any statistical analyses.

Avian predation on fishes was observed in the Forebay and was linked to radial gate
operations for certain bird species. Data analysis showed that the percentage of Double
Crested Cormorants foraging near the radial gates increased when the radial gates were
open. The presence of stationary debris (i.e. tree branches) in the Forebay near the radial
gates provides roosting habitat for Double Crested Cormorants and may be a contributing
factor to the predation occurring near the radial gates.

Results of the steelhead pre-screen loss studies indicated that the pre-screen loss of
steelhead is between 78 £4% and 82 +3% within Clifton Court Forebay. This result is
similar to previous pre-screen loss studies of other fish species including Chinook salmon
and juvenile striped bass (Schaffter, 1978; Hall, 1980; and Kano, 1985). Radial gate
operations may contribute to these losses as avian predators and striped bass are foraging
near the radial gates. Additionally, striped bass are spending long periods of time in the
intake canal leading to the SFPF potentially foraging on fish as they approach the SFPF.

A population risk analysis should be completed for the Central Valley Steelhead that
takes into account this pre-screen loss rate. In addition, a management action plan
(MAP) should be created that includes steps to reduce the pre-screen loss rate of Central
Valley steelhead within Clifton Court Forebay. At this point no recommendations have
been made for changes to radial gate or Harvey Banks Pumping Plant operations.
However, if entrained fish could be moved to the SFPF sooner by altering the
hydrodynamics within the Forebay or SFPF intake canal, then exposure time to predators
could decrease and this may result in the reduction of pre-screen losses. Many steelhead
were detected within the intake canal leading to the SFPF, but were never salvaged.
Steelhead may perceive the trash rack as a barrier or there may be an attraction problem
at the SFPF. Future studies should focus on the area directly in front of the trash rack to
determine if modifications can be made to attract more steelhead from the intake canal
into the SFPF louver bays and fish salvage holding tanks. Future studies should also
focus on measuring the hydrodynamics within the Forebay and how it impacts fish
movements. As striped bass continue to be linked to pre-screen loss, the predator
removal investigations conducted in the 1990’s should be revisited. Moderate reductions
in predator numbers could yield an increase in steelhead survival. Facilitating greater
public fishing pressure may assist in this regard. Additionally, as avian predation was
shown to occur, further avian predation investigations should be conducted with an
emphasis on diet composition and consumption-rate. Avian diet composition and
consumption rate studies would provide information on prey selectivity of the avian
predators near the radial gates and the magnitude of pre-screen loss rate due to avian
predation.
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1.0 Introduction

Clifton Court Forebay (Figure 1) is operated as a regulating reservoir within the tidally
influenced region of the Sacramento-San Joaquin Delta (Delta) to improve operations of
the State Water Project (SWP) Harvey Banks Pumping Plant and water diversions to the
California Aqueduct. The Forebay was created in 1969 by inundating a 8.9 km?* (2,200
acre) tract of land approximately 4.2 km (2.6 miles) long and 3.4 km (2.1 miles) across
(Kano, 1990).
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Figure 1. Location of Clifton Court Forebay in the Sacramento-San Joaquin Delta.
(Source: DWR Graphic Services)
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During high tide cycles when water elevation in Old River is greater than the water
elevation in Clifton Court Forebay, water is diverted from the Delta into the Forebay via
five radial gates (each 6.1m (20 ft) by 6.1 m (20 ft)) located in the southeast corner of the
Forebay (Figure 2). Daily operation of the gates depends on scheduled water exports,
tides, and storage availability within the Forebay (Le, 2004). Typically, diversions into
the Forebay occur during the ebb stage of a tidal cycle (Kano, 1990) and only when a
stage differential occurs between Old River and the Forebay. Water 